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Abstract 
Research on coral reproduction in Hong Kong is at its incipient stage. Only a few 
species, such as Goniastrea aspera, Porites lobata and Goniopora columna have 
been studied. There is a lack of comprehensive understanding on reproductive 
patterns of Hong Kong corals, unlike that in other geographical regions such as the 
Great Barrier Reef, the Red Sea and the Caribbean Sea, where reproduction of many 
coral species has been studied. Thus, this research is intended to fill in the missing 
information on sexual reproduction of Hong Kong corals and to provide an 
understanding on. how reproduction might play a role in determining the dominance 
of corals in the marine communities. 
The reproductive patterns of four dominant coral species, Favia speciosa, Favites 
abdita, Leptastrea purpurea and Oulastrea crispata (Faviidae) in A Ye Wan (AYW) 
Tung Ping Chau, Hong Kong, were studied from May 98 to June 99 (for E speciosa, 
E abdita and L purpurea) and from July 2001 to January 2003 (for Oulastrea 
crispata). The first two species are hermaphroditic broadcasters, while the other two 
are gonochoric broadcasters. The development of egg stages over time was examined 
histologically. For Favia speciosa, the sizes of oocytes varied from 29nm in diameter 
ii 
(with area 581|im ) in November 98 to a maximum diameter of 423fim (with area 
96,296|im ) in May 99. Few oocytes could be found in June 99, indicating that mass 
spawning probably took place between May and June 99. For the other species, 
Favites abdita probably mass spawned between May and June 99 as Stage IV 
oocytes were found in May with a maximum diameter of 465|am (with area 
95117|im^). For Leptastrea purpurea, the cycle of oogenesis was shorter than that of 
Favia speciosa and Favites abdita. It started from March 99 to June 99 and the 
diameter of oocytes ranged from 24fim (with area 373|am^) to 230|^m (with area 
20,971 Leptastrea purpurea probably mass spawned between June and July 99. 
Spermatogenesis was very short for these three species. Spermatogenesis lasted only 
for two months (April to May) in Favia speciosa, two months (April to May) in 
Favites abdita, three months (April to June) in Leptastrea purpurea. Spawning 
observations were conducted for six to seven nights after full moon in May 2002 and 
2003. Spawning of several species, including Platygyra acuta in 2002 and Favites 
abdita, Leptastrea purpurea and Goniastrea aspera in 2003, was observed. 
Oulastrea crispata is a pioneer coral species that recruits on rock surfaces. It is 
known to survive in cool and turbid environment. Oulastrea crispata is a common 
species that can be found on the rock surface in shallow water region in both A Ye 
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Wan (AYW) and A Ma Wan (AMW) in Tung Ping Chau. Five colonies (> 3 cm in 
diameter) were collected monthly for 31 months (July 00 to January 03) and 14 
months (July 00 to August 01) in AYW and AMW respectively. The development of 
oocyte and spermary stages over time was examined histologically. The sexual 
reproduction pattern is complex as both oocyte and spermary developed 
asynchronously. The growth of gametes was different among colonies collected in 
the same month. Furthermore, asynchronous gamete development also took place 
among polyps within the same colony. Due to its asynchronous development, several 
spawning events likely took place annually and especially between late spring and 
early fall as evidenced by the presence of peaks of oocyte development in May and 
September in 2001 and 2002. There was less gonad development in winter. 
Spermaries were usually absent in winter. 
The effects of physical factors, i.e. irradiance and temperature on sexual reproduction 
in Oulastrea crispata were evaluated using transplant experiments. However, no 
suppression of gamete development was observed. The range of irradiance and 
temperature tested was probably too narrow to elicit any physiological reproductive 
response from Oulastrea crispata, a species that is known to have a wide range of 
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In the tropical region, many shallow inshore waters are dominated by coral reefs. 
They make up an area of about 250,000km^ of the earth's surface (Veron, 2000). 
Under a favourable environment such as in the Great Barrier Reef, the reefs could 
cover hundreds of kilometers of the coast. Tropical ocean is poor in nutrients, but 
productivity in coral reefs is very high. This is attributed to the presence of symbiotic 
zooxanthellae (algae) in many organisms, including hard corals, that make use of the 
organic wastes from their host as their source of nutrients and carry out 
photosynthesis to contribute to organic production in the reef system. The process 
facilitates the deposition of calcium carbonate as exoskeleton of the hard coral 
colonies and contributes to the building of the reef structure itself. This reef system 
provides a stable environment and habitat for many other marine organisms, such as 
reef fishes, crustaceans, gastropods and hydrozoans. Thus, coral reefs are 
ecologically important in sustaining high productivity and biodiversity in the tropics. 
Corals belong to class Anthozoa of Phylum Cnidaria. Depending on the presence or 
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Chapter 1 
absence of exoskeleton and the number of oral tentacles, corals are divided into two 
main groups, the Octocorallia (including most soft corals, gorgonians and sea pens) 
and Hexacorallia (including the hard corals and sea anemone). By convention, the 
reef building corals (hermatypic corals) are referred to as the hard corals and are 
grouped under the order Scleractinia. Scleractinian corals perform both asexual and 
sexual reproduction. Asexual reproduction is generally accomplished by budding of a 
new individual from the parent polyp. The new buds remain connected with the 
parent. Thus, continuous budding increases the size of the colony but does not 
generally produce new colonies. On the other hand, sexual reproduction is carried 
out by gametogenesis. Sexual reproduction ensures not only the production of 
offspring to replace the parents and maintain the population, but also provides an 
opportunity for the recombination of genetic materials that serve as the driving 
mechanism allowing for the evolution of coral species over geological timescales. 
Two aspects of sexual reproduction of scleractinian corals can be considered: 
sexuality (hermaphroditism vs gonochorism) and mode of reproduction 
(broadcasting vs brooding). Female and male gonads coexist within the polyp, or 
more rarely within different polyps in the same colony, in the hermaphroditic species 
while sexes are separate at the colony level in gonochoric species. For corals that 
2 
Chapter 1 
exhibit broadcasting mode of reproduction, the gametes are extruded through the 
mouth and fertilized externally. On the other hand, brooding species incubate the 
internally fertilized eggs as developing embryo in their gut cavity. Internal 
fertilization in brooding species increases fertilization success. Based on their 
sexuality and mode of reproduction, scleractinian corals can be divided into four 
groups each exhibiting a basic reproductive pattern. These include a) hermaphroditic 
broadcasters; b) hermaphroditic brooders; c) gonochoric broadcasters and d) 
gonochoric brooders. 
In the past, the major reproductive mode of scleractinian corals was thought to be 
viviparity or brooding (Hyman, 1940). However, more recent evidences indicate that 
hermaphroditic or gonochoric broadcasting are their major reproductive patterns 
(Kojis and Quinn, 1981; 1982; Richmond and Hunter, 1990). The expression of 
sexuality and development vary both between hermaphroditic broadcaster and 
gonochoric brooder among different species of coral in different geographical 
locations and under different environmental conditions (Harrison and Wallace, 1990; 
Shlesinger et ai, 1998). 
Sexuality of scleractinian corals cannot be distinguished externally as they lack 
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Chapter 1 
obvious secondary sexual characteristics (Kojis and Quinn, 1982). However, gonad 
serves as the indicator to show the sexual developmental patterns among corals. In 
most corals, ovaries and testes develop within mesenteries and mature gonads are 
often readily distinguished by their size and shape (Shlesinger et al., 1998; Glynn et 
aL, 1994). Oocyte development was observed in Pontes lobata and Pontes 
panamensis. It consisted of four stages. Stage I oocyte observed was characterized by 
enlarged oval nucleus surrounded by a thin layer of cytoplasm. It was usually round 
or dumbbell-shaped. Stage II oocyte became larger in size (21 jam to 33|im in 
diameter). Stage III oocyte showed nucleus slightly separated from the ooplasm and 
dark granular cytoplasm appearing above the nucleus. The nucleus in Stage IV 
oocyte moved to the periphery of the cell and zooxanthellae could migrate into the 
ooplasm (Glynn et al., 1994). For the early development of spermary in Pocillopora 
Verrucosa, Stage I spermary consisted of a cluster of spermatogonia surrounded by a 
spermatogonia! wall (Kruger and Scheleyer, 1998). In Stage II spermary, 
spermatogonia were evenly distributed. Stage III spermary showed smaller 
spermatids arranged around the periphery. In Stage IV spermary mature spermatozoa 
developed with half the size of the spermatid and with a visible tail. 
Coral reproduction had been investigated and studied in the Red Sea (Shlesinger et al. 
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1998)，Hawaii (Kenyon, 1992), Puerto Rico (Szmant-Froelich, 1985), the eastern 
Pacific (Glynn et al. 1991; 1994; 1996; 2000), the Great Barrier Reef (Babcock and 
Heyward, 1986)，the Caribbean (Acosta and Zea, 1997) and in KwaZulu-Natal, 
Africa (Kruger and Scheleyer, 1998). Babcock et al. (1986) observed a mass 
spawning of 105 scleractinian corals in the Great Barrier Reef in 1981 and 1982. 
These coral species belonged to 36 genera and 11 families and within these, 15 
species showed an annual gametogenic cycle. Shelsinger et al (1998) studied 18 
coral species which were identified as hermaphroditic broadcasters, two species as 
hermaphroditic brooders and three species as gonochoric broadcasters. Thus, a total 
of 23 coral species were investigated in the Red Sea and these species belonged to 
the coral families Pocilloporidae, Acroporidae, Faviidae, Poritidae, Mussidae, 
Oculinidae and Agariciidae. 
Environmental factors such as light intensity and temperature could affect coral 
growth and reproduction. Corals exhibited morphological and physiological changes 
under different light regimes (Titlyanov et al, 2001). Three responses to low light 
acclimation were observed. First, photosynthetic pigments accumulated in the 
zooxanthellae. Second, densities of zooxanthellae population increased. Third, the 




energy budget at low light levels in several ways: I) reducing excretion of organic 
matter (Crossland, 1987); II) reducing the rate of zooxanthellar respiration; III) 
reducing the rate of coral respiration; IV) increasing the utilization of half-reduced 
intermediate products of photosynthesis, such as glycerol and amino acids (Titlyanov 
et al, 2001). Sea water temperature also has significant effect on coral reproduction. 
Increasing sea water temperature was shown to facilitate gametogenesis (Acosta and 
Zea, 1997). 
The life functions of corals, including reproduction, growth, maintenance and repair, 
all require energy" resources which are limited. This common resource pool created 
an inter-relationship among these functions. This inter-relationship is still poorly 
understood as the nature of this resource pool and the exact pattern of its allocations 
are difficult to identify (Harrison and Wallace, 1990). Resources allocated to 
reproduction need to be further shared among coral offspring, the extent of which 
depends on either a few large or many smaller progenies would be produced and 
whether reproduction should occur once or successively throughout the coral's 
lifetime (Harrison and Wallace, 1990). A basic understanding of the reproductive 
biology of coral would be critical in addressing questions on resource allocation and 




reproductive biology of corals in different regions, under different environment, 
would also help to evaluate how corals are able to occupy the important niche that 
they are in. 
1.2 The distribution of corals in Hong Kong 
Hong Kong is located at the margin of the tropical Indo-West Pacific region of high 
coral diversity. As typical to a subtropical area, seasonal changes in climate are not 
very distinct. Nevertheless, a northeast monsoon occurs from October to March 
while a southwest monsoon takes place from April to September. Furthermore, 
typhoons occur more frequently in summer. These seasonal changes in wind 
direction contribute to changes in oceanic current pattern, resulting in seasonal 
changes in the sea water temperature as well. The sea water temperature ranges from 
14°C in winter to 28°C in summer. Due to the low sea water temperature in winter, 
corals in Hong Kong cannot grow well to form an extensive system. In spite of this, 
patches of coral communities can still be found especially in the eastern and 
northeastern parts of Hong Kong. In the western part of Hong Kong, the Pearl River 
outflow creates a high sedimentation but low salinity environment that is 
unfavourable for Scleractinian corals to grow. The eastern and northeastern parts of 




normal salinity of sea water that can support the growth of corals. 
There are 84 Scleractinian coral species currently recorded from Hong Kong (Ang et 
a l , 2003). They belong to 28 genera from 12 families. The number of species within 
the top five families in descending order is as follow: Faviidae (10 genera, 38 
species), Poritidae (3 genera, 12 species), Acroporidae (2 genera, 11 species), 
Siderastreidae (3 genera, 6 species) and Mussidae (2 genera, 6 species). These major 
coral families are the main components of most healthy coral communities in the 
eastern and northeastern parts of Hong Kong such as Tung Ping Chau, Kat O, Hoi Ha 
Wan and some places in Sai Kung such as the Bluff Island and Sharp Island (Figure 
1 .1 ) . 
The reproductive patterns of Hong Kong corals are not well documented. 
Preliminary studies by Collinson (1997) and Clark (1997) did not reveal any 
consistent pattern among the coral species (e.g. Pontes lobata) they studied. Since 
Hong Kong is a marginal environment to most known coral species, it is unique to 
find specific species like Platygyra acuta, Favia speciosa, Favites abdita and 
Leptastrea purpurea to be the most dominant species in Hong Kong coral 




dominate. It is thus important to have a good understanding of the reproductive 
biology of these species, as this relates to their recruitment pattern and ultimately to 
their persistence and survival in a marginal environment like Hong Kong. 
1.3 Objectives 
This thesis research has the following objectives: 
• To find out the reproductive phenology, patterns of oocyte and spermatocyte 
development, and fecundity of selected corals species belonging to the family 
Faviidae, specifically Favia speciosa, Favites abdita, Leptastrea purpurea and 
Oulastrea crispata 
• To evaluate the effect of physical factors such as irradiance and temperature on 
the reproductive patterns of Oulastrea crispata 
1.4 Study Site 
The study was carried out in Tung Ping Chau (22°32"N, 114°25"E), an isolated 
island in the northeastern part of the Hong Kong Special Administrative Region 
(HKSAR), China (Figure. 1.1). It is the fourth Hong Kong marine park established 




2 The total area of the island is about 1.1km . It is far from the residential and 
commercial areas of Hong Kong. People can normally reach the island mainly on 
weekends when ferry transportation is available. So until recently, the island is 
relatively free from any kind of anthropogenic disturbance and pollution. 
The island supports an extensive formation of corals in the northeastern side, while 
the southwestern side is mainly made up of layers of sedimentary rock and large 
boulders. The northeastern part of the island is more affected by the north and 
northeast monsoon during winter and the southwestern part is exposed to the 
southeast monsoon during summer. The exposure to strong waves in the southwest 
shoreline provides an excellent area for the growth of macro-algae, mainly 
Sargassum spp. 
Based on the intensive underwater survey conducted in 1997 (Ang et ai, 2000)，two 
main patches of coral communities have been found around the island (Figure. 1.2). 
The more extensive patch is in A Ma Wan (AMW) on the northeast of the island, and 
the less extensive one is in A Ye Wan (AYW) on the north of the island. AYW is 
located next to a village and is therefore more exposed to human disturbance, while 
AMW is less exposed to disturbance as it is relatively far from any village. In these 
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two areas, Scleractinian corals are most abundant from - I m CD to —3m CD. There is 
a very large sand belt along -2m CD in AYW, and therefore the overall coral cover is 
lower than that in AMW. The coral communities do not extend beyond 250m from 
the shore, and they exist mostly in the shallow water (Ang et aL, 2000). With 65 
species of Scleractinian corals recorded, the island has the highest coral diversity in 
Hong Kong with live coral covering more than 60% of the substratum in some areas 
(Ang et al” 2000; 2003). The most dominant coral species in the two core coral areas 
are Platygym carnosus and Platygyra acuta (previously identified as Platygyra 
sinensis), which are massive colonies reaching up to Im or more in height. Other 
dominant coral species include Pontes lobata and Pontes lutea. Their coverage is 
about 10% to 20% in AMW and AYW respectively. Leptastrea purpurea, Leptastrea 
pruinosa (previously identified as Leptastrea purpurea), Pavona decussata, Favia 
spp., Favites spp., and Goniopora spp. are also commonly found, and have over 10% 
coverage in the two coral patches (Ang et aL, 2000). 
1.5 Coral species investigated in this research 
The two most dominant species in Tung Ping Chau are Platygyra acuta and Pontes 
lobata. The sexual reproductions of these two corals were evaluated in 1999 (Liu 
S.H., unpublished). Thus, the other dominant species, such as Favia speciosa, 
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Favites abdita, Leptastrea purpurea and Oulastrea crispata, all belonging to 
Faviidae, were studied in this research. Faviidae is the dominant coral family (10 
genera, 38 species) that contributes 45% of the coral species richness in Hong Kong. 
The first three corals are the dominant coral species in AYW while Oulastrea 
crispata is the pioneer coral species recruited on the rock surface in the shallow 
region in both AYW and AMW. 
Favia speciosa (Figure. 1.3) is massive and sub-massive in growth form. The size of 
corallite ranges from 8 to 12mm. Corallites are circular in shape and highly packed. 
Septa are fine and regular while paliform lobes are not well developed or are absent. 
The colony is pale grey, brown or green in colour. It can grow in both shallow water 
(-Im CD) and deep water (-3m CD). However, corallite arrangement may be 
different in different water depths. In shallow water, the corallites are packed tightly 
at the upper region of the colony, but corallites are less tightly packed in deep water 
colonies. Globally, Favia speciosa can adapt to all reef environments and is one of 
the most common faviids, especially in high latitudes (Veron, 2000). 
Favites abdita (Figure 1.4) is a massive and sub-massive coral. Corallite wall is thick 




with exsert teeth. The colony is usually brown or pale brown with green oral discs. 
This species is common in most reef environments. 
Colonies of Leptastrea purpurea (Figure 1.5) are flat with angular, cerioid corallites 
which vary in size within the same colony. Septa are similar in size and packed 
tightly. Besides, columellae are small in size and compact. It is usually pale yellow or 
purple in colour. Again, it is common in different reef environments. 
Oulastrea crispata (Figure. 1.6) is an encrusting coral. The colony usually grows to 
3-5 cm in diameter. The corallites are closely packed. There are long and short septa 
arranged alternately. Paliform lobes are well developed. The colony is dark brown 
but with upper margins of the septa white in colour. This species is usually found in 
turbid shallow water region. 
1.6 Thesis outline 
This thesis is divided into five chapters. Each chapter is briefly described as follows: 
Chapter 1 General Introduction 
This chapter gives a general background on coral reproduction and how it may be 
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affected by physical factors like irradiance and temperature. Furthermore, a general 
picture of coral distribution in Hong Kong and the coral coverage in the study site, 
Tung Ping Chau, are given. The objectives of this thesis research and descriptions of 
the target coral species, Favia speciosa, Favites abdita, Leptastrea purpurea and 
Oulastrea crispata are given as well. 
Chapter 2 The reproductive pattern of the Scleractinian corals, Favia speciosa’ 
Favites abdita and Leptastrea purpurea in A Ye Wan, Tung Ping Chau 
The annual reproductive patterns of Favia speciosa, Favites abdita and Leptastrea 
purpurea in AYW 'from May 1998 to June 1999 are described based on oocyte and 
spermary development. The results showed that Leptastrea purpurea has the highest 
fecundity among the three species studied. Furthermore, additional samples collected 
around the predicted spawning time of these three corals in 2001 and 2002 indicated 
that the reproductive pattern observed was consistent in different years. 
Chapter 3 The reproductive pattern of Oulastrea crispata in A Ye Wan and A Ma Wan, 
Tung Ping Chau 
This chapter mainly focuses on the reproductive pattern of Oulastrea crispata. This 
was studied in samples collected from AYW and AMW from July 2000 to January 
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2003 and July 2000 to August 2001 respectively. The reproductive cycle observed 
was much more complicated than that observed in Favia speciosa, Favites abdita 
and Leptastrea purpurea. This species exhibited a gonochronic asynchronous 
gametogenesis and multiple spawnings throughout the year. 
Chapter 4 The effect of physical factors: temperature and irradiance, on the 
reproductive pattern of Oulastrea crispata in A Ye Wan, Tung Ping Chau 
Transplantation of corals was carried out to expose the corals to different 
temperatures and irradiance. Deep water setup simulated the low temperature and 
low light environment. Shallow water setup simulated the normal temperature but 
low light environment. Lastly, disturbance control was used to test the effect of 
transplantation on Oulastrea crispata colonies. The results of these transplantation 
experiments indicated no significant effect of temperature and change in irradiance 
on the reproductive pattern of Oulastrea crispata. 
Chapter 5 Summary and Perspectives 
A summary of the findings in this research is given. The significance of these 
findings is discussed with respect to the coral community in Tung Ping Chau and that 
























































































































































































































Figure. 1.2 An aerial photo of Tung Ping Chau showing the two study 
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The reproductive pattern of the Scleractinian corals, Favia speciosa, 
Favites abdita and Leptastrea purpurea in A Ye Wan, Tung Ping Chau 
2.1 Introduction 
Sexual reproduction of scleractinian corals is one of the major issues in coral biology 
during the last two decades. There is a wide range of related studies in different 
geographical regions (Harrison and Wallace, 1990). The hot spots of scleractinian 
coral sexual reproduction study include the Great Barrier Reef (Willis et al, 1985; 
1997; Babcock et aL, 1986; 1994), the Red Sea (Shlesinger and Loya, 1985; 
Shlesinger et al, 1998), the Caribbean (Szmant, 1986) and the eastern Pacific (Glynn 
et al, 1991; 1994; 1996; 2000). Southeast Asia has the highest coral diversity in the 
world, however, Southeast Asia is notably absent from this list. Research is needed in 
this region such as in Singapore, in order to obtain a better global perspective on 
scleractinian coral reproductive strategies and life-history traits. Guest et al. (2002) 
recorded the first multispecific coral spawning in Singapore, involving more than 18 
corals species from five families, Acroporidae, Faviidae, Merulinidae, Oculinidae 
and Pectiniidae. Hong Kong is in the northern limit of Southeast Asia region. Little 
research on the reproductive pattern of scleractinian corals has been carried out in 




as Pontes lobata, Goniastrea aspera, Platygyra sinensis (Probably Platygyra acuta) 
and Goniopora columna, have been studied for their reproductive patterns. 
Corals carry out both sexual and asexual reproduction. There are four sexual 
reproductive patterns known (see Chapter 1 for details). The major mode of 
reproduction in scleractinian corals is broadcasting of eggs (i.e. oviparity) rather than 
brooding of eggs (i.e. viviparity). Most studies therefore focused on the 
understanding of the former rather than the latter (Kojis and Quinn, 1982; Harrison et 
a l , 1984; Babcock, 1984). Carlon (1999) tabulated the number of tropical coral 
species with different reproductive strategies, the number of hermaphroditic 
broadcaster was 115; gonochoric broadcaster was 38; hermaphroditic brooder was 17 
and finally, gonochoric brooder was 11. Habitat (Stimson, 1978; Kojis and Quinn, 
1981), environmental conditions (Tomascik and Sander, 1987) and morphology 
(Rinkevich and Loya，1979) are three main external factors which play a major role 
in the determination of coral reproduction mode. Within the same species, it is 
possible for different populations to display different reproductive modes when they 
are geographically separated. Pocillopora verrucosa is a broadcaster in the Red Sea 
(Shlesinger and Loya, 1985), while it exhibits a brooding mode of reproduction at 




damicornis behaves as a broadcaster species in the eastern Pacific (Glynn et al.’ 
1991), but it is not only a broadcaster but can also produce asexual planulae in 
Western Australia (Ward, 1992). 
Generally speaking, fecundity is defined as the total number of living offspring 
produced by a female. In determining the fecundity of organisms, many studies 
focused on the number of eggs produced per female in one breeding season, i.e. the 
"apparent fecundity" (Scheltema, 1994). It refers to the number of female gametes 
produced at a particular unit of time (e.g. one breeding season) rather than the total 
gamete production over the lifetime of the organism. Furthermore, fecundity may be 
described more specifically in two ways (Anger and Moreira, 1998): I) potential 
fecundity is defined as the sum of developing and matured oocytes in the ovary; II) 
actual fecundity is defined as the number of hatched larvae or offspring produced. 
This latter implies fecundity as a result of fertilization success together with embryo 
survival. Indirectly, potential fecundity can be measured in terms of the total number 
of oocytes in the ovary, while actual fecundity is indicated by the number of mature 
oocytes nearing maximum development (size) before spawning. In scleractinian 
corals, fecundity may vary in different locations within the same colony. Those 




rather than for sexual reproduction, may become reproductively sterile (Rinkevich 
and Loya, 1979; Wallace, 1985). On the other hand, in the region of the colony with 
active sexual reproduction, the growth rate may be unaffected if energy intake is 
sufficient to maintain both processes. Otherwise, the active sexual region may have 
depressed growth rate or the growth rate stopped (Oliver et al., 1988). 
After the energetically costly gametogenesis, spawning is a highlighted event such as 
the occurrence of synchronous mass spawning in the Great Barrier Reef (Harrison et 
a/.，1984; Willis et al, 1985; Babcock et al.，1986a). Spawning patterns of coral 
communities, such as those in the Indo-Pacific and Western Australia are unique with 
respect to the large number of species involved, the synchrony of their breeding, as 
well as the brevity and predictability of the breeding period (Willis et al.’ 1985). 
Comparing the spawning patterns of coral communities in different geographic 
regions，studies suggested that the presence or absence of coral spawning along most 
of the Great Barrier Reef (Oliver et al, 1988) is thought to involve at least three 
proximate cues including temperature, moonlight and daylight which are operating 
on successively finer time scales (Babcock et al., 1986a). Other factors such as 
enhanced fertilization, predator avoidance and increased larval dispersal or retention 
could also determine the timing of spawning within species. Synchronous spawning 
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is an ecologically important event. Having a close spawning time among different 
coral species has the advantage of providing a greater chance for gametes to fertilize 
successfully. The reason for the occurrence of synchronous mass spawning on the 
Great Barrier Reef is that many species have independent but similar responses to 
strongly selective pressure promoting reproductive success (Oliver et al, 1988). 
However, regions such as the Red Sea and the Caribbean with small variations in 
temperature and tidal regimes do not exhibit mass coral spawning. It is suggested 
that less variation in temperature and tidal cycles may exert insufficient pressure for 
the evolution of synchronous spawning (Shlesinger and Loya，1985; Szmant, 1986). 
In the Great Barrier Reef, mass spawning of scleractinian corals usually took place 
once a year. There were however, some exceptions. Montipora digitata, M. 
aequituberculata and M. peltiformis spawned twice a year at Magnetic Island 
(Stobart et al, 1992). Such semiannual spawning took place after the full moon in 
March and October and the spawning in October was more intense than that in 
March. In other places outside the Great Barrier Reef, for example in Akajima Island 
in Okinawa, split spawning was reported (Shimoike et al, 1992). Most Acropora 
species in Akajima Island spawned synchronously on the same night though split 
spawnings took place over consecutive nights and over consecutive lunar months. 
This phenomenon was observed within species and even in single colonies. 
26 
Chapter 1 
Furthermore, split spawnings were observed in different families such as 
Acroporidae and Faviidae in the Great Barrier Reef (Harrison et al., 1984; Babcock 
etal., 1986a). 
As mentioned before, sexual reproduction and mass spawning of scleractinian corals 
were studied in the last two decades in the Great Barrier Reef, the Red Sea, the 
Caribbean, the eastern Pacific and Hawaii but it was not well studied in Hong Kong. 
Thus, it was not possible to compare the reproductive output or effort of the coral 
communities in Hong Kong with the typical coral reefs in the tropical region. In this 
study, the reproductive patterns of Favia speciosa, Favites abdita and Leptastrea 
purpurea in A Ye Wan (AYW), Tung Ping Chau, in the period from May 1998 to 
June 1999 were monitored. Based on the gametogenesis information, the most likely 
spawning time of these three corals species were identified. This provided a database 
on the reproduction biology of scleractinian corals in Hong Kong. 
2.2 Methods and Materials 
2.2.1 Samples collection 
Coral species, Favia speciosa, Favites abdita and Leptastrea purpurea were 




Hang and from May to June in 2001 and 2002 by this author. The collection dates 
were all within 10 days after full moon in 1998 and 1999, while the samples 
collected in 2001 and 2002 were collected 5 days before full moon to ensure the that 
gametes reached their maximum size before spawning. Based on the preliminary 
results, the most likely spawning times of these corals were found to be between May 
and June. Thus, the samples collected in 2001 and 2002 were made only in May and 
June in order to minimize destructive sampling of the corals since they were used 
mainly to confirm the spawning time of these coral species. Five samples from 
separate colonies were collected once a month for each species using hammer and 
chisel and each coral fragment was about 5 cm in diameter. Samples deteriorated if 
placed in ice bath to be taken back to the laboratory. Hence, all samples collected 
were fixed by 10% filtered seawater formalin immediately after collection. 
2.2.2 Laboratory work procedure 
Longitudinal sections of the reproductive organs (mesenteries) from three polyps of 
each colony (total = five colonies in each collection) were examined monthly from 
May 1998 to June 1999 (i.e. 14 months). Additional samples collected from May to 
June, 2001 and 2002, were also examined. Thus, a total of 270 polyps for each 




June samples collected in 1998 and 1999 were sectioned for fecundity determination. 
Three polyps from each colony were randomly chosen and sectioned transversely. 
Histological examination of the polyp reproductive structure was divided into three 
main components, including slide preparation, light microscopy and measurement. 
The protocol adapted for each component is described in detail below. 
2.2.2.1 Slide preparation 
After the samples were fixed by 10% filtered seawater formalin in the field, they 
were left for one week. The samples were then decalcified by decalcifying solution, 
the active ingredients of which included concentrated hydrochloric acid (32%, with 
1500ml), ethylenediamine-tetraccetic acid (3.5g), sodium potassium tartrate (0.04g) 
and sodium tartrate dihydrate (0.7g) to make up a 10% HCl solution (with final 
volume = 5 liters). During decalcification, a lot of gas bubbles evolved. These were 
likely carbon dioxide gas generated from the reaction between hydrochloric acid and 
the coral skeleton, i.e. calcium carbonate. The presence of gas bubbles was an 
indicator to show if the coral samples had been completely decalcified. Usually, 
Favia speciosa and Favites abdita needed a period of 2 to 3 days to decalcify, with 
decalcifying solution replaced once a day, while Leptastrea purpurea required 1 to 2 
days to have a complete decalcification. After this step, samples were immersed in 
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the running tap water overnight in order to remove the acid on the coral tissue before 
placing the samples in 70% ethanol for preservation. 
Polyps from Favia speciosa, Favites abdita and Leptastrea purpurea were 
haphazardly chosen for processing in an Automated Vacuum Tissue Processor (Leica 
TP 1050, Leica Instruments GmbH). This machine carried out a serial dehydration 
process with increasing ethanol concentration to remove all the water content in the 
tissue sample. After that, the processed samples were embedded in blocks of paraffin 
wax. Each block was serially cut at a thickness of l\im longitudinally. Serial sections 
were taken at intervals of 400|im. However, for those polyps used for determination 
of coral fecundity, three serial sections, each of lOO i^m thick, were taken from the 
upper, middle and lower parts of each polyp. 
These serial sections were mounted on glass slides and stained. Staining consisted of 
four parts, dewax, hydration, staining and dehydration. Dewax removed all the wax 
infiltrated into the coral tissue. The samples were then submerged in a series of 
solutions with descending ethanol concentration (from 100% to 30%) to allow 
hydration to take place. The dyes used, i.e. haematoxylin and eosin, were water 




was used to stain nuclei in blue while eosin stained cytoplasm in red/pink. After 
staining, dehydration removed all the water to allow permanent mounting using 
Canada Balsam (soluble in organic solvent). The mounted slides were placed at 
horizontal position for approximately one-week until the Canada Balsam completely 
dried. 
2.2.2.2 Light microscopy 
The slides were examined under a light microscope. The reproductive structures, 
especially oocytes and spermaries, were investigated and the developmental stages 
were determined following the criteria of Glynn et al (1994) for oocyte and Kruger 
and Scheleyer (1998) for spermary (see Chapter 1). The images of six largest oocytes 
and spermaries (the latest stage) of each polyp were captured by a digital camera. By 
using the longitudinal section, the length of the mesentery of the polyps and the 
maximum oocyte diameter could be measured. The number of oocytes in the 
transverse section was also counted. These numbers were used to calculate the 
fecundity (see the following section for the equation). 
2.2.2.3 Measurement 
Images of the oocytes and spermaries were captured in the computer and several 
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parameters were measured using the image analysis software Image Pro Plus 4.0. 
These parameters included the maximum diameter (i^m), perpendicular diameter (^m) 
and area of both oocyte nucleus, oocyte and spermaries. Geometric diameter 
was calculated based on their maximum and perpendicular diameters, using the 
following equation: 
Geometric diameter = yjMaximum oocyte diameter x Perpendicular diameter 
Actual fecundity was calculated based on the mean mesentery length, mean oocyte 
diameter and mean number of oocyte counted in each transverse section of the 
polyps, using the following equation: 
Mccifi tyi6S6nt6fy Icnsth 
Actual Fecundity = x Mean number of oocytes per transverse section 
Mean oocyte diameter 
2.2.3 Spawning observations 
Observations for coral spawning were carried out in May 2002 and 2003 in AYW. 
Based on the results of histological studies of samples from 1998 and 1999 coral 
spawning was predicted to take place in May between 9:00 to 11:00pm (about 2 





2.3.1 Gametogenic cycle of Favia speciosa 
Oogenesis in Favia speciosa started in November 1998. Oocytes developed in the 
following six months, reaching maximum size and maturity in May 1999 (Figure 
2.1). Thus, oogenesis lasted for 7 months. Stage I oocytes were observed as enlarged 
oval nuclei surrounded by a thin layer of irregular, round or dumbbell-shaped 
cytoplasm (Plate 2.1 A). This was observed in samples of Favia speciosa collected in 
November and December 1998. Stage II oocytes from January to March 1999 were 
much larger (Plate 2.IB). In Stage III oocyte, nucleus slightly separated from the 
ooplasm and dark granular cytoplasm appeared above the nucleus (Figure 2.1C). 
This was observed in samples from March and April 1999. In Stage IV oocyte from 
May and June 1998 and 1999, nucleus moved to the periphery of the cell (Plate 
2.ID). On the other hand, spermatogenesis was much shorter. It began in April and 
ended in May and lasted for only two months (Figure 2.1). Early developmental 
stage (Stage I) of spermary was found in April 1999 (Plate 2.2A). It consisted of a 
cluster of indistinct spermatogonia. These spermatogonia became more darkly 
stained and distinct in Stage II (Plate 2.2B). Mature stages (Stages III and IV) were 
found in May 1998 and 1999. Stage III spermary showed smaller spermatids 
arranged around the periphery (Plate 2.2C) and in Stage IV spermary, mature 
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spermatozoa developed with half the size of the spermatid and a visible tail (Plate 
2.3D). Furthermore, a small number of oocytes and spermaries could be found left in 
the gonad in samples collected in June 1998 and 1999; while Stage IV spermary was 
found in the June 1999 sample. Samples collected in May 2001 and 2002 also 
showed only Stage IV oocyte and Stages III and IV spermary, while most of the 
samples collected in June did not show the mature gametes. 
Based on the histological observation, oogenesis in this species was initiated 4 to 5 
months before spermatogenesis but both gametes reached maturation simultaneously 
in May 1998 and'1999. This coral species is an annual protogynous hermaphrodite. 
Hermaphroditism is at the polyp level. This species employs broadcast spawning as a 
mode of fertilization as no developing planula was found in any of the histological 
sections examined. 
For more detailed measurements (Table 2.1), the smallest detectable primordial 
oocytes in the mesoglea of Favia speciosa in November 1998 had a mean maximum 
diameter of 58.19 土 19.34fxm (range = 29.03 to 109.43nm, n = 41) and an area of 
2103.66 士 1488.57|im2 (range = 581.27 to 7561.60^im2, n = 41). The mean 
perpendicular diameter was 42.86 士 15.98|im (range = 18.17 to 89.06^m, n = 41). 
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The mean maximum diameter of their nucleus was 25.40 士 7.28iiim (range = 10.92 
to 43.19|am, n = 41) and the mean area of the nucleus was 456.41 士 252.04fim2 
(range = 83.06 to 1212.58^m^ n = 41). The mean perpendicular diameter was 21.05 
士 6.70|im (range = 8.07 to 35.50|nm, n = 41). At this early stage of oogenesis, the 
sizes of oocytes were small (Figure 2.2) and a relatively larger nucleus could be 
observed. This resulted in a small egg to nucleus ratio. There was a gradual increase 
in both the oocyte diameter and cross-section area during the first three months of 
eggs development, i.e. November 1998 to January 1999. However, the increase 
became more significant afterwards (Figure 2.1). Stage IV oocytes were also the 
largest in terms of diameters and area, followed by Stages III, II and I (Figure 2.2). 
The maximum sizes of oocytes were always recorded in May and only a small 
number of oocytes and spermaries could be found in June (Table 2.1, Figure 2.1). 
Hence, spawning most probably took place between the 19出 May to 14出 June 1998 
and between May to lO^*" June 1999 within the 14 months sampling period. 
Generally, the oocytes in May 1998 were larger than those in May 1999 (Table 2.1). 
Stage I spermary would generally have a mean (士 SD) maximum diameter of 75.80 士 
29.35|am and a mean (士 SD) area of 3008.68 士 2143.lliam? (Figure 2.2). For Stage II 
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Spermary, the mean maximum diameter was 213.17 士 64.11}amand the mean area 
was 22075.53 土 10145.68^im . The mean diameter and area of the Stage III spermary 
were not much different from those of Stage II spermary at 202.12 士 45.11 [am and 
18141.08 士 7937.72|im respectively. In this stage, the sperm cells started to become 
spermatids. Finally, only one Stage IV spermary was observed and its diameter was 
78.24|im and the area 4021.33|im^ (Figure 2.2). 
Oocytes grew successively for seven months from November 1998 to May 1999. 
Their increase in size over time was generally linear (Figure 2.3). At least 90% of the 
variation in mean oocyte maximum diameter or area over time (R^ = 0.939 and 0.919 
respectively, Figure 2.3) can be explained by this linear relation. 
There was a gradual increase in the mean (士 SD) egg/nucleus (E/N) diameter ratio 
corresponding to the oocyte development from Stage I (2.92 土 0.64) to Stage IV 
(3.58 士 0.77) in the period of November 1998 to May 1999 (Figure 2.4). The 
increase indicated that the growth of the oocyte was faster than that of the nucleus 
during the process of growth and maturation. This increase was more obvious when 
the geometric diameter of both nucleus and oocyte was considered. 
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Actual fecundity was determined in the month before spawning was supposed to 
have taken place, i.e. May 1998 and 1999 (Figure 2.5). It showed the reproductive 
output of Favia speciosa as the number of oocytes being produced. Generally, 
fecundity in 1998 was higher than that in 1999. The mean fecundity in 1998 (colony 
number = 4) was 775 士 541 oocytes per mesentery per polyp; while that in 1999 
(colony number = 5) was 273 士 299. Variations among colonies were large, hence no 
significant difference in the fecundity of Favia speciosa between May 1998 and 
1999 was detected (student t-test, p = 0.199). 
2.3.2 Gametogenic cycle of Favites abdita 
Favites abdita is a hermaphroditic broadcaster which likely employs the same 
reproductive strategy as Favia speciosa. The reproductive pattern is in general, 
similar to that of Favia speciosa. Oogenesis started in October 1998 and ended in 
May 1999, i.e. 8 months (Figure 2.6). The oocyte development was synchronous. 
Stage I oocytes (Plate 2.3 A) appeared from October 1998 to January 1999 and then 
grew to Stage II oocytes (Plate 2.3B) in February and March 1999. Stage III oocytes 
(Plate 2.3C) were observed in March and April 1999 and finally the mature oocytes, 
i.e. Stage IV oocytes (Plate 2.3D) appeared in May and June 1999. Samples collected 
in May 2001 and 2002 showed the mature Stage IV oocyte and spermary but not in 
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the June samples. 
Spermatogenesis was initiated two months before spawning. Despite being very short, 
four developmental stages of spermary could also be identified during 
spermatogenesis. Stage I spermary (Plate 2.4A) mainly appeared in April 1999. 
However, mixes of different developmental stages (Stage II to Stage IV，Plate 2.4B, 
C & D) were recorded in the May 1999 samples, before spawning. Therefore, 
oogenesis started 6 months earlier than spermatogenesis in Favites abdita but both 
sexes reached maturity in May 1999. 
The mean (士SD) maximum oocyte diameter of Favites abdita in October 1998 was 
65.77 士 14.67|im, and mean oocyte area was 2515.30 士 1025.45|im2 (Table 2.2, 
Figure 2.6). The mean maximum oocyte diameter in May 1998, before spawning, 
was 337.71 ± 45.92|Lim and the mean oocyte area was 58627.53 土 12495.66^m^. 
Stage IV oocytes were also the largest in terms of diameter and area, followed by 
Stages III, II and immature Stage I oocyte (Figure 2.7). Only a small number of 
oocytes were found left in the polyps of the June 1998 and 1999 samples. So the 
most likely spawning time for Favites abdita would be between May and June in 




Spermatogenesis was much shorter than oogenesis. Spermaries were found in May 
and June 1998 and from April to June 1999 only (Figure 2.6). In both years, the 
number of spermary in June was less than that in May. Stage I spermaries were the 
smallest in terms of diameter and area, but Stages II to IV did not differ significantly 
in these parameters (Figure 2.7). 
Changes in the mean diameter and area of oocytes over time also followed a linear 
pattern (Figure 2.8), with greater than 80% the variation accounted for by this linear 
relationship (R = 0.944 for mean maximum diameter over time and R = 0.837 for 
mean area over time). 
The mean (士SD) egg/nucleus diameter ratio (Figure 2.9) also followed an increasing 
trend from Stage I (2.77 士 0.44) to Stage IV (3.30 土 0.54) indicating a greater 
increase of the size of oocyte than that of nucleus over time. 
The actual fecundity of Favites abdita was evaluated in May and June. Fecundities 
were 355 士 321, 69 士 67 and 283 土 134 in May 1998，June 1998 and May 1999 
respectively (Figure 2.10). The much lower fecundity in June 1998 than in May 1998 




Fecundities also varied a lot among colonies, hence no significant difference in the 
mean fecundity of Favites abdita in May 1998 and 1999 was detected (student t-test, 
p = 0.664). 
2.3.3 Gametogenic cycle of Leptastrea purpurea 
Leptastrea purpurea is a gonochoric broadcaster and sexes are separate at the colony 
level. The reproductive pattern is different from that of Favia speciosa and Favites 
abdita and the time required for oogenesis is much shorter. Oogenesis started from 
March 1999 to June 1999 (Figure 2.11). It lasted only for four months as compared 
with seven months in Favia speciosa and eight months in Favites abdita. The oocyte 
development was asynchronous. For instance, Stage I oocytes (Plate 2.5A) were 
found in May and June 1999, together with Stages III and IV oocytes (Plate 2.5C & 
D). Oocytes of different stages appeared in the same polyp. On the other hand, 
spermatogenesis started one month later than oogenesis and lasted for 3 months, 
starting from April 1999 to June 1999 and also from May to June 1998 (Figure 2.11). 
Spermatogenesis was more synchronous. Stage I (Plate 2.6A) and Stage II (Plate 
2.6B) spermaries were mainly found in April 1999 and May 1998 and 1999, while 
Stage III (Plate 2.6C) and Stage IV (Plate 2.6D) spermaries were found in June 1998 
and 1999. Besides, the oocytes in the additional samples collected in June 2001 and 
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2002 were of sizes similar to those in 1998 and 1999. Stage IV spermary was found 
in June 2001 and 2002. 
Oocytes appeared in the polyps only in May to July 1998 and March to June 1999. 
The rest of the time in the year, the polyps were without oocyte. However, the size of 
the oocytes in July 1998 was small when compared with those in previous month. 
This indicated that spawning likely took place between June and July 1998. Because 
samples were collected only from May 1998 to June 1999, spawning between June 
and July 1999 could not be confirmed. However, because the size and maturity of 
oocytes in June 1999 samples were similar to those in June 1998, it is likely that 
spawning could have taken place between June and July 1999. The mean maximum 
oocyte diameter was 38.95 士 6.21 iim and the mean oocyte area was 805.36 士 
239.91 |Lim^  in March 1999 (Table 2.3，Figure 2.11). The largest and mature oocytes 
were recorded in June 1999 with the mean diameter of 144.93 士 39.36|im and mean 
area of 10967.57 ± 4825.72|iml 
Different developmental stages of oocyte and spermary differed in their sizes except 
for Stages III and IV spermary (Figure 2.12). The pattern of change in the mean 
maximum diameter and mean area of the oocytes over time was curvilinear (Figure 
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2.13), with 98% of the variation accounted for by the curvilinear relation (R^ = 0.975 
for maximum diameter and R^ = 0.983 for mean area over time). 
The mean egg/nucleus diameter ratio for Leptastrea purpurea was smaller than that 
for Favia speciosa and Favites abdita. However, the trend of change is similar 
among these three species. The ratio increased slightly from Stage I oocyte (2.17 土 
0.28) to Stage IV oocyte (3.00 土 0.48) (Figure 2.14). 
Since spawning of Leptastrea purpurea would likely to have taken place between 
June and July 1998 and 1999，the samples in June 1998 and 1999 were used to 
evaluate its actual fecundity (Figure 2.15). The fecundity was higher in 1998 (3025 士 
833)than in 1999 (1290 士 1185). Again, variations among colonies were very high. 
In at least one colony collected in June 1999, the fecundity was almost zero (Figure 
2.15). Hence, no significant difference in the mean fecundity of Leptastrea purpurea 
in June 1998 and 1999 was detected (student t-test, p = 0.054). Of the five colonies 
haphazardly collected in both years, four were female colonies and one was male, 
giving a sex ratio of 4:1. 
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2.3.4 Spawning observations 
Spawning observations were carried out in AYW, Tung Ping Chau in May 2002 and 
2003. In 2002, the spawning observation started in the full moon night (26^ ^ May) 
and continued for 7 successive nights. However, no spawning was observed until the 
very last day and only Platygyra acuta was observed to spawn at 2130 to 2145 hrs. 
Furthermore, not all the Platygyra acuta colonies were observed to spawn. For those 
that spawned, the red/orange egg/sperm bundles were observed to be released from 
the oral disc of the polyp. In May 2003, the second spawning observation was carried 
out the day after full moon (15出 May). Mass spawning of several species were 
observed on the ‘ day after full moon. Spawning scleractinian coral species 
included Favites abdita, Goniastrea aspera and Leptastrea purpurea. The time of the 
spawning was similar to that in 2002; from 2115 to 2215 hrs. The egg/sperm bundles 
of Favites abdita were red/orange in colour (Plate 2.7), those of Goniastrea aspera 
were grey. 
2.4 Discussion 
2.4.1 Gametogenic cycles 
The gametogenic cycles observed in Favia speciosa, Favites abdita and Leptastrea 




Loya, 1985; Babcock et al, 1986). Oogenesis of Favia speciosa and Favites abdita 
was initiated between five to six months prior to spermatogenesis, while oogenesis of 
Leptastrea purpurea was one month earlier, with a total duration ranging from four 
to eight months. The duration of spermatogenesis was more similar, ranging from 
two to three months for these three species. Although each polyp can theoretically act 
as a physiologically independent unit, reproductive characteristics such as the onset 
of maturity and timing of gametogenesis are synchronized at the colony level for 
Favia speciosa and Favites abdita. 
The samples of these three species examined were collected in 1998-1999. But 
further sampling during predicted spawning period in 2001-2002 confirmed the 
observations from the 1998-1999 samples. This suggests that the reproductive cycles 
in these three species are consistent year after year. 
Generally speaking, the oocyte size is positively related to the length of oogenesis 
but negatively related to fecundity (Harrison and Wallace, 1990). This is also 
observed in the present study. The largest oocyte among the corals species studied 
was those of Favites abdita that exhibited the longest oogenetic cycle of eight 
months. The mean maximum diameter of the oocytes was 337.71 士 45.92nm (mean 
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area was 58627.53 士 12495.661111112). second one was Favia speciosa with an 
oogenetic cycle of seven months. Its mean maximum diameter of oocytes was 315.07 
士 48.75|im with a mean area of 52655.25 士 11711.60fim2. Leptastrea purpurea has 
the smallest oocytes and shortest oogenetic period of four months. Its oocytes have a 
mean maximum diameter of 144.93 土 39.6隅 and a mean area of 10967.57 士 
4825.72nm^. On the other hand, the mean fecundity of these three species followed a 
descending order of Leptastrea purpurea, Favia speciosa and Favites abdita, 
corresponding negatively to the length of their oogenesis. 
The dominant reproductive strategy in corals is hermaphroditic broadcasting 
(Babcock et al., 1986; Richmond and Hunter, 1990). In this study, Favia speciosa 
and Favites abdita exhibited the same strategy. However, Leptastrea purpurea is a 
gonochoric broadcaster. Nonetheless, all these three species broadcast their gametes 
and no brooding planula larvae were observed in any of the polyps examined. 
Employment of either broadcasting or brooding strategy might not be consistent 
within the same family (Shlesinger et al., 1998). Alveopora daedalea and Goniopora 
savignyi are Poritidae but they employ brooding and broadcasting strategies 
respectively. The egg-sperm bundles produced by the hermaphroditic corals are 
extruded slowly through the oral disc of the polyp during the spawning event. 
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Gamete packing and synchronous spawning have two important consequences for 
patterns of mating. Firstly, potential of self-fertilization is increased as egg-sperm 
bundles break apart in the seawater column and those genetically closely related 
gametes are fertilized. Secondly, synchronicity of spawning among colonies could 
provide a chance for outcross. 
Among the three species in the present study, both male and female gametes matured 
synchronously prior to the spawning event. However, oogenesis in Favia speciosa 
and Favites abdita was synchronous, while that of Leptastrea purpurea was 
asynchronous. Shlesinger et al (1998) used regression line to relate changes in the 
oocyte diameter with time. There are two possible results: linear oocyte growth or 
exponential oocyte growth. For species that exhibited linear oocyte growth such as 
Favia speciosa (Figure 2.3) and Favites abdita (Figure 2.8)，oocytes formed 
synchronously at the very start of oogenesis. Oocytes grew with constant speed 
subsequently; thus, a linear relationship with time was exhibited. For species 
exhibiting exponential oocyte growth such as Leptastrea purpurea (Figure 2.13), 
oocytes formed over a prolonged period of time such that mixes of different oocyte 
developmental stages were found within the same polyp. These two strategies of 
oocyte growth varied in their initial energetic allocation. The first type (linear growth) 
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would allocate the energy continuously and constantly to the oocyte but the second 
type (exponential growth) would allocate more energy to the oocyte when it is 
becoming more mature, so that there is a more rapid growth of the oocyte in the late 
stage. Although all the three species presently studied belong to the same family 
Faviidae, it is obvious that growth strategy of oocytes could vary at the family level. 
This variation has also been recorded earlier in the other genera from Faviidae, e.g. 
Favia favus exhibited linear growth of oocyte but Platygyra lamellina exhibited 
exponential growth (Shlesinger et al, 1998). 
Fecundity is defined as the total number offspring produced by a female. The basic 
unit of fecundity measurements is the number of oocytes, eggs, embryos, larvae or 
juveniles produced by individual. Fecundity is directly related to life-history traits 
such as egg size, age at maturity, lifespan and reproductive effort. Most studies of 
coral fecundity have used gonad histology to determine reproductive cycles and 
timing. This technique is destructive, even if only small fragments of large colonies 
are used. This ultimately limits the ability to repeatedly sample the same colony 
without adversely affecting the reproductive output of the whole colony (Stanton, 
1992). Fecundity could be affected by adverse environment conditions such as 
sedimentation, water flow and light intensity (Wallace, 1985). Since reproduction is 
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an energetically costly process, under unfavourable conditions such as high 
sedimentation, the coral would use extra energy on cleaning the sediment. Therefore, 
less energy would be channelled into sexual reproduction, thus lowering its fecundity 
(Kojis and Quinn, 1984). Among the three species examined in the present study, 
Leptastrea purpurea has the highest fecundity and Favites abdita the lowest. Mean 
fecundity values for all species in 1998 were generally higher than those in 1999. 
However, the difference was not significant (Student t-test, Favia speciosa, p = 0.119; 
Favites abdita, p = 0.664 and Leptastrea purpurea, p = 0.054). The number of 
oocytes per polyp was also estimated by Shlesinger et al. (1998) for corals from the 
Red Sea. Fecundity of Faviid corals such as Favia favus, Favites pentagona and 
Platygyra lamellina were 700， 355 and 750 respectively and they are all 
hermaphroditic broadcasters. The estimated fecundities of these three corals are 
similar to those of Favia speciosa and Favites abdita in this study. The mussids 
Cynahna lacrymalis and Lobophyllia hemprichi showed a fecundity value of 3550 
and 2450 respectively, comparable to that of Leptastrea purpurea (3025 土 833 in 
1998; 1290 土 1185 in 1999) in the present study. Thus, the fecundity of the coral 
species in this study showed a comparable magnitude to that of the broadcasting 




Both mean diameter and mean geometric diameter were used to calculate the oocyte 
egg/nucleus diameter ratio. An oval-shaped or a round-shaped oocyte many have the 
same area but a different maximum diameter. Geometric diameter involved the 
product of maximum diameter and perpendicular diameter. This two-dimensional 
parameter eliminates the effect of the shape of the oocyte on its parameter 
measurement. Nevertheless, in all the three species studied, the egg to nucleus 
diameter ratio (E/N ratio), either using mean diameter or mean geometric diameter, 
showed similar trend over time. The increasing ratio over time indicates that the 
growth rate of the oocyte was greater than that of nucleus. Nucleus contains mainly 
the genetic material while the cytoplasm in the egg is used as a food storage. Food is 
needed to ensure planulae survival after spawning. Thus, enough has to be stored in 
the cytoplasm as the oocytes develop. This results in the increase in E/N ratio as the 
egg size continues to grow after the nucleus has attained a mature size. Glynn et al 
(1994) found the E/N ratio in Porites lobata to be from 2.0 士 0.1 in Stage I to 2.9 士 
0.2 in Stage IV. This is similar to that observed in Leptastrea purpurea, but 
significantly smaller that that for Favia speciosa and Favites abdita. This suggests 
that species with larger polyp size tend to have larger oocyte and a higher E/N ratio. 
Migration of zooxanthellae in Stage IV oocytes occurred a few weeks prior to 
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maturation in Pontes lobata (Glynn et al., 1994). Such migration could not be 
unequivocally established in Stage IV oocytes of the three species examined in this 
study. But all three species are hermatypic corals. Zooxanthellae are likely to invade 
these corals during some stages of their development. 
2.4.2 Spawning observations 
Based on the histological information, Favia speciosa and Favites abdita likely 
spawned between May and June in 1998 and 1999, while Leptastrea purpurea must 
have spawned between June and July in 1998 and 1999. However, fecundity data 
showed large variation in the number of eggs among colonies. This is especially true 
for Leptastrea purpurea where one colony from June 1999 contained only a very 
small amount of oocytes. As gametogensis in Leptastrea purpurea is asynchronous, it 
is possible that some spawnings could have taken place earlier in May but the main 
event of spawning would be in June. 
Attempts have been made since 1999 to observe coral spawning in Tung Ping Chau 
and only until May 2002 and 2003 did these efforts pay off. Spawning of Favites 
abdita in May 2003 confirmed the prediction of spawning time made for the species 
based on histological information. A few colonies of Leptastrea purpurea were also 
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observed to spawn, thus supporting the suggestion made earlier based on fecundity 
information that some colonies could have spawned in May. No spawning was 
observed for Favia speciosa, but the histological data were very consistent. It may 
just be a matter of knowing the exact timing to eventually observe its spawning in the 
field one day. 
Many scleractinian corals spawn during summer. For instance, spawning season for 
Acropora palmate, Acropora cervicornis, Diploria strigosa and Montastrea 
annularis in the Caribbean was in August (Szmant, 1986) and that for Acropora 
valida and Acropora cytherea in Hawaii was in July (Kenyon, 1992). Sea water 
temperature has been identified as a critical factor in the determination of spawning 
time (Shlesinger and Loya, 1985; Babcock et al, 1986; Szmant, 1986; Oliver et al, 
4988). Babcock et al (1986) found that mass spawning took place from mid-October 
to early December in the Great Barrier Reef after a rise in sea temperature between 
late August and September. Rising in sea temperature was a cue for the initiation of 
spawning. It was also suggested that increase in sea temperature might accelerate the 
maturation of gonads. Figure 2.16 showed the temperature profile in A Ye Wan and A 
Ma Wan in Tung Ping Chau in the present study. The lowest mean monthly sea water 
temperature was 17°C recorded in February 2002. It rose thereafter to reach 
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maximum in June (29.22°C). Spawning was observed in May 2002 after the rapid 
rise in sea temperature in spring. This pattern was repeated in 2003 and spawning 
was observed again in May 2003. Spawnings were observed 2.5 hours after sunset in 
AYW, Tung Ping Chau in 2002 and 2003. Similar phenomenon was observed in the 
Great Barrier Reef. Mass spawning usually took place 1.5 to 3 hours after sunset 
(Babcock et al, 1986). Furthermore, coral spawned at rising tide at the tidal height of 
0.7m C.D. in 2002 and that of 0.6m C.D. in 2003. Spawning of scleractinian corals in 
the Great Barrier Reef also occurred during rising tide (Babcock et al., 1986). Tide of 
a certain level and rising tide could be cues to trigger spawning among some species 
in Tung Ping Chau. Rising tide could potentially concentrate the gametes released, 
hence creating a higher chance of fertilization success for broadcasting species. 
Mass spawning involving most, if not all of the coral species in the community was 
not observed in Tung Ping Chau. Only a few species, or a few colonies of the same 
species, were observed to spawn at the same time. This suggests a lack of very strong 
selection pressure for most of the species in Tung Ping Chau to follow similar 
reproductive cycle. It is possible that spawning could be taking place at different 
times during spring and summer, or even throughout the year for different species. 
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Table 2.1. Mean (士 SD) area (fim^), maximum diameter (^im), perpendicular 
diameter (^im) and geometric diameter (fim) of nucleus and oocytes of 
Favia speciosa from May 1998 to Jun 1999. No oocyte was observed 
from Jul to Oct 1998. 
n Area Maximum Perpendicular Geometric  
(nm^) Diameter (^im) Diameter (^im) Diameter (urn) 
May 98 84 5394 .12 士 1921.84 94.43 士 18.37 69 .92 士 15.14 80.95 士 15.14 
Jun 98 13 4449 .99 士 1066.35 83.13 士 12.93 66 .72 ± 9 .57 74.08 ± 8 . 0 5 
N o v 98 41 456.41 士 252 .04 25 .40 ± 7.28 21 .05 士 6 .70 23 .04 土 6.77 
Dec 98 78 1613.48 ± 491.47 49 .90 士 8 .10 40 .25 土 6 .77 44 .69 ± 6 . 5 1 
S Jan 99 84 1905.30 士 593.01 53.46 土 9.37 43 .96 ± 8 . 0 2 48 .39 ± 8 . 1 5 
"o  
^ Feb 99 84 2124 .06 士 653 .14 58.36 士 10.09 45 .26 ± 8 . 5 4 51 .22 士 8 .24 
Mar 99 84 3152 .46 士 945.33 72.47 ± 11.60 54.21 土 10.03 62.51 ± 9 . 8 1 
Apr 99 78 3892 .27 ± 1134.80 80.51 士 13.58 60 .36 士 10.54 69.53 士 10.89 
May 99 78 4946 .00 ± 1344.67 91 .00 ± 14.09 67 .26 士 10.67 77.98 ± 10.62 
Jun 99 4 6061 .28 ± 1869.54 114.56 士 18.89 71 .80 ± 9 . 8 4 90 .17 士 7 .82 
May 98 84 5 6 2 2 1 . 6 2 ± 12416.83 3 2 1 . 5 7 ± 4 1 . 6 0 223 .99士 34.55 2 6 7 . 2 4士2 8 . 8 5 
Jun 98 13 42672 .69 ± 10017.48 271 .69 士 29.91 201 .74 士 47 .24 231 .44 ± 2 9 . 8 1 
N o v 98 41 2103.66士 1488.57 58.19士 19.34 4 2 . 8 6 ± 15.98 49.74士 17.11 
Dec 98 78 10650.21 士 3579 .44 141.21 士 29.41 95 .32 土 20 .17 115.42 土 21 .42 




Feb 99 84 17749.88 ± 4547 .57 181.06 土 30 .88 124.23 士 21 .59 149.03 ± 19.03 
Mar 99 84 26946 .66 ± 7131 .59 230 .46 士 28 .83 148.80 士 26 .99 184.30 ± 2 2 . 5 7 
Apr 99 78 34563 .04 ± 8762 .34 253 .92 ± 3 5 . 2 5 173.07 ± 3 2 . 3 1 208 .76 ± 2 8 . 9 1 
May 99 78 52196 .28 ± 12867.32 315.07 ± 4 8 . 7 5 208.81 士 34 .42 254 .87 ± 3 0 . 5 0 




Table 2.2. Mean (士 SD) area (iW)，maximum diameter (|im)，perpendicular 
diameter (fam) and geometric diameter (|im) of nucleus and oocytes of 
Favites abdita from May 1998 to Jun 1999. No oocyte was observed from 
Jul to Sep 1998. 
jj Area Maximum Perpendicular Geometric  
(^m^) Diameter (|im) Diameter (^m) Diameter (^m) 
May 98 78 5472.04 士 1511.79 98 .79± 15.82 69.56 士 12.48 82.45士 11.25 
Jun 98 54 6802.86 士 1765.30 112.05 ± 15.42 78.72 士 14.77 93.44 士 12.13 
Oct 98 78 550.02 士 195.14 28.35 土 5.03 24.02 土 4.97 26.06 士 4.84 
Nov 98 79 930.62 士 317.18 38.13 ± 6 . 2 0 31.28 士 5.87 34.48 士 5.72 
Dec 98 90 1504.64 士 468.82 48.64 ± 8 . 8 4 39.42 士 7.13 43.64 士 7.06 
C/1  
3 — 
I Jan 99 90 2154.03 士 415.36 56.73 士 6.46 48.41 ± 5.73 52.34 士 5.40 
7U  
Feb 99 72 2582.97 土 476.21 62.97 士 5.47 52.50 士 5.95 57.44 士 5.11 
Mar 99 85 2867.29 士 614.82 66.80 土 7.90 55.14 ± 6 . 8 5 60.61 士 6.56 
Apr 99 90 3525.42 ± 822.11 76 .97± 10.04 5 9 . 7 0 ± 7 . 9 2 67.62士7.65 
May 99 90 5541.20 ± 1134.21 97.83 土 12.03 79.88 士 10.27 84.76 士 8.95 
Jun 99 14 6960.40 士 1707.66 110.57 士 16.94 81.36 士 11.58 94.45 士 10.80 
May 98 78 55891.86 ± 7501.50 329.21 士 41.57 218.95 土 27.02 267.20 土 20.42 
Jun 98 54 57638.39 ± 11346.67 324.31 ± 4 9 . 2 5 225.94 ± 3 5 . 8 9 269.00 ± 2 8 . 1 7 
Oct 98 78 2515.30 士 1025.45 65.77 ± 14.67 48.43 ± 11.30 56.21 ± 11.74 
Nov 98 79 4865.90 士 2 0 7 U 2 98.85 土 21.52 65.03 ± 16.86 79.71 ± 17.00 
Dec 98 90 9263.35 士 3214.81 134.80 士 27.68 88.92 士 20.48 108.82 ± 2 0 . 6 5 
g Jan 99 90 13779.38 ± 3225.51 169.05 ± 2 5 . 4 6 107.14 士 17.86 133.96 ± 1 6 . 9 2 
Feb 99 72 17945.68 ± 3273.43 186.31 ± 2 1 . 5 2 126.26 ± 2 1 . 2 0 152.52 士 14.68 
Mar 99 85 21414.60 士 5126.82 196.59士 27.57 140.40 士 24.90 165.32 ± 2 0 . 6 4 
Apr 99 90 33848.16 士 6663.67 255.82 土 30.52 173.16 士 27.81 209.48 ± 2 1 . 9 0 
May 99 90 58627.53 ± 12495.66 337.71 土 45.92 223.36 ± 3 7 . 6 2 273.30 土 31.90 
Jun 99 14 70397.85 ± 12970.87 332.78 士 36.00 274.56 ± 2 4 . 9 1 302.00 ± 2 3 . 9 0 , 
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Table 2.3. Mean (士 SD) area (|am ), maximum diameter (nm), perpendicular 
diameter (fam) and geometric diameter (|am) of nucleus and oocytes of 
Leptastrea purpurea from May 1998 to Jun 1999. No oocyte was 
observed from Aug 1998 to Feb 1999. 
n Area Maximum Perpendicular Geometric  
Diameter (^m) Diameter (i^m) Diameter (^im) 
May 98 72 1105.34 ± 414 .10 41 .12 土 8.01 33.97 士 6 .23 37 .30 土 6 .68 
Jun 98 72 2101.25 ± 397.02 58.80 士 6 .98 44.51 士 5 .94 51.01 ± 5 . 1 5 
Jul 98 12 334.37 士 95 .22 25 .30 士 5 .60 17.66 士 2.31 21 .06 士 3.35 
CO  
3 
I Mar 99 24 206 .09 士 62 .00 17.70 ± 2 . 7 2 14.08 士 2 .59 15.76 士 2.51 
Z  
Apr 99 36 378.13 士 116.70 24 .70 土 3 .69 19.64 土 3 .58 2 1 . 9 8 ± 3 . 3 9 
May 99 36 570.47 士 423.05 33 .992 土 30.08 22 .86 士 7 .19 26.75 土 9.51 
Jun 99 72 1508.42 士 632 .37 47.91 ± 10.52 37 .42 士 8 .35 42.23 士 8.78 
May 98 72 7414 .29 士 2906 .37 117.20 ± 2 6 . 8 0 80 .20 士 17.35 96.48 土 19.03 
Jun 98 72 14631.14 士 2808 .90 167.29 土 22 .89 114.15 ± 19.30 137.24 士 13.46 
Jul 98 12 1829.44 土 669.01 63 .54 士 16.97 37.31 士 6 .49 48 .32 土 8.77 
^ Mar 99 2 4 805 .36 士 239.91 38.95 ± 6 . 2 1 27 .65 ± 5 .40 32 .66 土 4 .77 
Apr 99 36 1503.15 ± 507 .29 53.33 ± 7 . 2 1 37 .39 ± 7 . 8 9 44 .55 士 7 .17 
May 99 36 2958 .40 土 2884 .43 72 .90 ± 2 8 . 0 8 47 .87 士 22.71 58.73 ± 24 .58 
“ Jun 99 72 10967.57 士 4825 .72 144.93 士 39 .36 94 .50 ± 2 4 . 1 2 116.35 土 27 .68 
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Figure 2.1 Gametogenic cycles of Favia speciosa from May 1998 to Jun 1999 
in AYW, Tung Ping Chau. A) Mean (士SD) maximum diameter 
(|im); B) Mean (士SD) area of both oocyte and spermary. Five 
colonies were examined each time. The number (n) of female 
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Figure 2.2 The mean (±SD) A) maximum diameter ()Lim) and B) area (nm^) of 
the four stages of oocyte and spermary from samples of Favia 
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Figure 2.3 The regression line describing changes in A) mean maximum 
diameter (|Lim) and B) mean area (^m^) of oocyte of Favia 
speciosa from Nov 1998 to May 1999 in AYW, Tung Ping Chau. 
The dashed lines indicate the 95% confident interval. 
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Figure 2.4 The mean (士SD) egg to nucleus diameter ratio and the mean 
(士SD) egg to nucleus geometric diameter ratio of the four 
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Figure 2.5 Fecundity of Favia speciosa in May 1998 and 1999 before 
spawning. A) Fecundity among colonies and B) Mean (土SD) 
fecundity. Four and five colonies were used respectively in 1998 
and 1999 for fecundity evaluation. No significant difference was 
found between the mean fecundity in May 1998 and 1999. 
(Student t-test, p = 0.199). 
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Figure 2.6 Gametogenic cycles of Favites abdita from May 1998 to Jun 1999 
in AYW, Tung Ping Chau. A) Mean (±SD) maximum diameter 
(|im); B) Mean (士SD) area of both oocyte and spermary. Five 
colonies were examined each time. The number (n) of female 
gamete measured is given in Table 2.2. 
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abdita from Oct 1998 to May 1999 in AYW, Tung Ping Chau. The 
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Figure 2.9 The mean (士SD) egg to nucleus diameter ratio and the mean 
(土SD) egg to nucleus geometric diameter ratio of the four 
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Figure 2.10 Fecundity of Favites abdita in May, Jun 1998 and May 1999 
before spawning. A) Fecundity among colonies and B) Mean 
(士SD) fecundity. No significant difference was found between 
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Figure 2.11 Gametogenic cycles of Leptastrea purpurea from May 1998 to 
Jun 1999 in AYW, Tung Ping Chau. A) Mean (士SD) maximum 
diameter (|im); B) Mean (士SD) area of both oocyte and 
spermary. Five colonies were examined each time. The number 
(n) of female gamete measured is given in Table 2.3. 
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Figure 2.12 The mean (士SD) A) maximum diameter (|im) and B) area (fim^) 
of the four stages of oocyte and spermary from samples of 
Leptastrea purpurea collected from May 1998 to Jun 1999 in 
AYW, Tung Ping Chau. 
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Figure 2.15 Fecundity of Leptastrea purpurea in June 1998 and 1999 before 
spawning. A) Fecundity among colonies and B) Mean (士SD) 
fecundity. Four colonies were used in 1998 and 1999 for 
fecundity evaluation. No significant difference was found 
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Plate 2.1 Favia speciosa. Four oocyte developmental stages: A) Stage I; B) 
. Stage II; C) Stage III and D) Stage IV. Refer to the text for detailed 









. Plate 2.3 Favites abdita. Four oocyte developmental stages: A) Stage I; B) Stage 
. 11； C) Stage III and D) Stage IV. Refer to the text for detailed description 






Plate 2.4 Favites abdita. Four spermary developmental stages indiacted by arrows: 
Ai & ii) Stage I; Bi & ii) Stage II; Ci & ii) Stage III and Di &ii) Stage IV. 
Developing oocytes can also be seen next to the spermary from Ai to Di. 75 
Ai to Di viewed under 400x. Aii to Dii viewed under 800x. 
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Plate 2.5 Leptastrea purpurea. Four oocyte developmental stages: A) Stage I; B) 
. Stage II; C) Stage III and D) Stage IV. Refer to the text for detailed 
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Plate 2.6 Leptastrea purpurea. Four spermary developmental stages indicated by 
arrows: Ai &ii) Stage I; Bi & ii) Stage II; Ci & ii) Stage III and Di &ii) 
Stage IV. Only spermaries are seen in the sections indicating that this 77 




Figure 2.7 Favites abdita. Red/orange egg and sperm bundles were extruded 
from the mouth of the polyp. The observation was made at 2200hrs 





The reproductive pattern of Oulastrea crispata in A Ye Wan and A 
Ma Wan, T\ing Ping Chau 
3.1 Introduction 
The reproductive patterns and mass spawning of hundreds of coral species have been 
studied from places like the Great Barrier Reef (Babcock et al., 1986; Oliver et al., 
1988); the Red Sea (Shlesinger and Loya, 1985; Shlesinger et al., 1998); the 
Caribbean (Szmant, 1986) and the eastern Pacific (Glynn et al, 1991; 1994; 1996; 
2000). The target species belong to different families like Faviidae, Acroporidae, 
Poritidae and are with different growth forms. However, the scleractinian coral 
Oulastrea crispata, which is a common encrusting, small, low temperature and turbid 
resistant coral, is rarely studied. It is one of the representative species in the northern 
limit of coral distribution in regions such as Japan (Kawaguti and Sakumoto, 1954). 
It has been recorded from the shores of the Noto Peninsula, Japan, where the winter 
water temperature is usually between 7 to 10°C and air temperatures are several 
degrees below freezing for about 20 days (Yajima et al, 1986). The common colony 
size ranges from the newly recruited size to 8cm in diameter. The tentacles of 




Oulastrea crispata belongs to the family Faviidae and is the only species belonging 
to this genus (Veron, 2000). It is a dominant species at the rock surface in the shallow 
water region in A Ye Wan (AYW) and A Ma Wan (AMW), Tung Ping Chau. It 
appears light yellow brown to dark brown. The septa are arranged in white and dark 
brown alternatively. Thus, it is called the zebra coral. The pigments are mainly found 
in the walls, theca and the surface of the old septa. However, the new septa and the 
middle parts of the old septa remain white. It has been shown that the absorption 
spectra of the chocolate brown pigment from this species were similar to that of 
oxyhaemoglobin (Kawaguti and Sakumoto, 1954). 
There has been no extensive study on the reproductive biology of Oulastrea crispata 
except for the works by Nakano and Yamazato (1992) and Lam (2000) on very 
-young one year old colonies. Nakano and Yamazato found Oulastrea crispata to be a 
hermaphrodite and spawned from midnight to dawn in July 1992 with the mature 
oocyte about 130}am in diameter. In addition, the mature oocytes did not contain 
zooxanthellae. Planula larvae released in between the spawning periods and had a 
smaller size than the mature oocytes. Lam (2000) found the reproductive patterns, 
sexuality and mode of reproduction of Oulastrea crispata that settled on artificial 
reef in Hoi Ha Wan, Hong Kong to be the same as those reported by Nakano and 
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Yamazato (1992). Furthermore, Oulastrea crispata showed annual gametogenic 
cycle with a prolonged spawning period starting from July to October. 
Continuous recruitment of Oulastrea crispata has been observed in Tung Ping Chau 
over different seasons (Ma, unpublished). This is indicating that spawning may be 
more extensive over the year than what was suggested by Lam (2000). Lam's work 
was based on young one year old colonies. It is not known if the reproductive 
patterns she observed would be true also for older colonies. There is therefore a need 
to verify the reproductive patterns of Oulastrea crispata based on older colonies and 
over a longer period (> one year) of time. Oulastrea crispata is a pioneering species. 
It's reproductive pattern may be uniquely different from that of other corals. An 
understanding of its reproductive pattern may help to explain its ability to be a 
-pioneering species. 
3.2 Methods and Materials 
3.2.1 Samples collection 
Five colonies of Oulastrea crispata were collected monthly in AYW and AMW, Tung 
Ping Chau from July 2000 to January 2003 and July 2000 to August 2001 
respectively. Each time, collection was made five days before full moon. The sizes of 
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colonies collected ranged from 3 to 5 cm in diameter to ensure that they were 
sexually mature (Lam, 2000). Samples were collected at - I m C.D. from mainly 
rocky substratum with hammer and chisel. Samples collected were fixed in 10% 
filtered seawater formalin in the field. 
3.2.2 Laboratory protocol 
The laboratory protocol for the treatment of Oulastrea crispata samples was 
basically the same as that for Favia speciosa, Favites abdita and Leptastrea purpurea 
(described in Chapter 2)，except for minor modifications. The longitudinal sections 
of the reproductive organs of five to six polyps from each of the five colonies 
collected in each collection were examined monthly, from July 2000 to January 2003 
(i.e. total of 32 samplings, with two samples from September 2001 as two full moons 
» occurred in September 2001) in AYW and from July 2001 to August 2002 (i.e. total 
of 14 samplings) in AMW. Thus, a total of 1201 polyps were examined in both sites 
during the study period. Thereafter, the standard histological technique, including 
fixation, embedding, sectioning, staining and mounting described in details in 
Chapter 2, was applied. Serial sections obtained over a segment of 300|im of the 
longitudinal section were each 7fim thick. The images of six largest oocytes or six 
latest spermary stages of each section were captured by digital camera under the light 
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microscope. Finally, the maximum diameter, area, perpendicular diameter and 
geometric diameter of the oocyte, oocyte nucleus and spermary were measured as 
described in details in Chapter 2. 
Developmental stages of oocyte and spermary were classified based on the same 
criteria described in Chapter 2. The monthly difference in the proportions of different 
developmental stages of oocyte and spermary within each polyp was also determined 
as oocyte and spermary in Oulastrea crispata developed asynchronously. The 
number of each developmental stage of oocyte or spermary along one longitudinal 
section of each-polyp was counted. The proportion of each stage was expressed as a 
percentage of the total counts. 
-Apart from studying the reproductive patterns of Oulastrea crispata, the sexual 
maturity of central vs peripheral polyps was also addressed in this study. In this case, 
three polyps from the central and three polyps from the peripheral regions of each 
whole colony collected were sectioned and examined. The cross section area of these 
polyps was measured by capturing the image in a computer and the image measured 
using the Image Pro Plus 4.0 software. These data were used to determine the 




3.3.1 Gametogenic cycle 
Oulastrea crispata is a gonochoric broadcaster, but a very small percentage of the 
colonies examined (4 out of 230 colonies or 1.7%) showed hermaphroditism. 
Different stages of oocyte or spermary were found to coexist in the same polyp, 
suggesting that oocyte and spermary developments were asynchronous. This is true 
for samples collected from both AYW and AMW. 
The pattern of change in the mean maximum oocyte diameters of Oulastrea crispata 
from both AYW and AMW over time was not smooth, although some distinct trends 
may be discernible. The oocytes reached their peak mean (土 SD) maximum diameter 
in May 2001 (143.62 士 19.07|^in) in AYW. They decreased in size thereafter until 
-August 2001, before reaching another peak in late September 2001 (Figure 3.1). 
Similar pattern was observed in 2002 with peaks of oocyte mean maximum diameter 
attained in May and again in September. However, no peak was observed in 
September of 2000. For samples from AMW, the pattern was slightly different. A 
peak in oocyte size was observed in September and November 2000, and then in 
June 2001. No samples were collected from AMW in 2002. Oocytes were present 
throughout most of the year except in October 2001 and January 2002 in AYW and 
84 
Chapter 4 
December 2000 and February 2001 in AMW (Figure 3.1). 
The sizes (the mean maximum diameter) of spermary in AYW and AMW were 
generally larger in spring and summer than in fall and winter (Figure 3.2). Peaks 
appeared in July 2000, April and September 2001 and May and September 2002 in 
AYW although the one in September 2001 was not too distinct. Peaks also appeared 
in November 2000 and May to July 2001 in AMW. On several occasions, no 
spermary was observed i.e. October, November 2000; January, October, December 
2001; January, October and December 2002 and January 2003 in AYW and 
September, October, December 2000 and January 2001 in AMW. 
For both oocyte and spermary, the developmental stages could be grouped into four 
-following the criteria described in Chapter 2 for other Faviids (Plates 2.1 and 2.2). 
Generally, oocyte from AYW and AMW increased significantly in size from Stage I 
(AYW: 35.65 土 11.76nm，AMW: 36.75 土 8.52nm) to Stage IV (AYW: 141.21 土 
19.76|im，AMW: 137.62 士 21.90|am) (Figure 3.3, ANOVA, p < 0.01). However, the 
sizes of oocytes between AYW and AMW were not significantly different for each 
Stage (student t-test, p > 0.05). 
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Mean maximum diameters of spermary stages from AYW were significantly different 
from those from AMW (ANOVA, p < 0.001) with Stage III spermary (mean 
maximum diameter = 90.12 士 22.38|im) being the largest among the four stages 
(Figure 3.4). No similar trend was observed among the spermary stages in samples 
from AMW and the mean maximum diameters of spermary stages were not 
significantly different (ANOVA, p > 0.05). The mean maximum diameter among the 
four spermary stages was around 80|im. 
As oocyte and spermary developments in Oulastrea crispata were asynchronous, 
different development stages of both gametes could be found in the same polyp. 
Stage I oocytes were usually present in the polyps of the female colony throughout 
the study period from AYW. They were most dominant in the fall and winter and 
- m a d e up 60 to 100% of the oocytes counted (Figure 3.5). Stage II oocytes were 
found almost throughout the study period too and alternated in dominance with Stage 
I oocytes. Stages III and Stage IV oocytes were mainly found in spring and summer. 
Some peaks of Stage IV oocyte were observed in May (6 - 20%) and September (5 -
40%) in both 2001 and 2002. The pattern of change in the proportion of oocyte 
stages in samples from AMW was slightly different from that observed in AYW 
although Stage I oocyte was also the most dominant stage in most months. There was 
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a larger proportion of Stage III and IV oocytes observed in July to November 2000, 
and also in April to July in 2001 (Figure 3.5). 
The pattern of change in the proportion of spermary stages was quite different from 
that of oocyte (Figure 3.6). The Stage I spermary was still the most dominant but was 
present in greater proportion in late spring to fall. Stage III and IV spermaries were 
dominant in summer to fall. 
Since Oulastrea crispata is gonochoric, male and female are separate at the colony 
level. Due to the asynchronous development of the gametes within polyp and among 
colonies, there were cases wherein all the polyps in a colony were empty (i.e. no 
gametes found) or that some polyps were empty but some were not. All those may be 
- found in the same month (Figures 3.7 and 3.8). This was very different when 
compared with those synchronous species such as Favia speciosa and Favites abdita. 
Not all polyps examined in October 2001 and January 2001 showed gamete 
development, all colonies examined from AYW were empty, without any gametes 
(Figure 3.7). Such was also the case for colonies examined in December 2000 from 
AMW (Figure 3.8). Some polyps in either the female or male colony were found 
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empty as well although some within the same colony were with gametes (Figures 3.7 
and 3.8). Empty colonies or polyps were more often found in fall to winter in 2000 to 
2002. This is true for both samples from AYW and AMW and this pattern is 
statistically significant (Table 3.1). Moreover, female colonies were usually found 
throughout the sampling period but fewer male colonies were observed from late 
summer to early winter. 
The mature oocytes of Oulastrea crispata were small (mean maximum diameter 
137.62-141.21 |am)(Figure 3.3)，so the increase in the mean (士 SD) egg to nucleus 
diameter ratio from Stage I (AYW: 2.44 土 0.37, AMW: 2.38 士 0.34) to Stage IV 
(AYW: 2.80 士 0.42, AMW: 2.83 土 0.45) was not sharp (Figure 3.9). Comparing 
sexual maturity of polyps from the central or peripheral region of 50 out of 230 
..colonies collected, four possible outcomes were observed. First, polyps from both 
regions of the same colony were empty (11 colonies); second, polyps from the 
central region showed gamete development but not in those from the periphery (8 
colonies); third, peripheral polyps showed gamete development but not in those from 
the center (one colony); and lastly, polyps from both regions contained gametes (30 
colonies). The mean cross section area of the polyps in the central region (10.36 士 
3.01mm2) was significantly bigger than that in the peripheral region (6.28 土 2.06mm2) 
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(Student t-test, df = 298, p < 0.001). Polyps which contained gonads were also 
significantly larger than those which were empty (i.e. no gonads) (Student t-test, df = 
298, p < 0.001). Polyps which were located in the central regime had a significantly 
higher tendency to become reproductive than those located in the peripheral region 
(X = 9.329, df = 1, p = 0.002). However, in many cases, polyps which were located 
in the periphery region were reproductive simply because they were bigger in size. 
This suggests that the critical factor affecting sexual maturity in Oulastrea crispata 
may be the polyp's size rather than the location of the polyps within the colony (i.e. 
central vs peripheral regions). 
Based on patterns of change in the mean maximum oocyte diameter (Figure 3.1) and 
the proportion of different stages of oocytes (Figure 3.5), spawning in Oulastrea 
-crispata colonies from AYW would have taken place in May and September, 2001 
and 2002. Those from AMW could have taken place in November 2000 and June 
2001. 
3.4 Discussion 
3.4.1 Gametogenic cycle 
The sexual reproductive pattern of Oulastrea crispata observed in AYW and AMW, 
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Tung Ping Chau was very different from that reported by Nakano and Yamazato 
(1992) and Lam (2000) who stated that Oulastrea crispata was a synchronous 
hermaphroditic broadcaster. In addition, Lam (2000) also suggested that Oulastrea 
crispata had brooding planula released in the end of the year, November and 
December. Based on the present findings, Oulastrea crispata is clearly a gonochronic 
broadcaster although hermaphroditism was observed in a very small proportion 
(1.7%) of the colonies examined. No brooding planula was ever observed throughout 
the whole study period. Lam (2000) samples were young, within one year of age and 
the samples collected in the present study were older than one year. It is not sure if 
age of a colony would have any effect on the mode of reproduction of this coral. Lam 
(2000) samples were collected from Hoi Ha Wan (Figure 1.1), within Hong Kong. 
The collection site is less than 13.3 km from Tung Ping Chau, the present study site. 
- I t is interesting to note how different the reproductive patterns could be in these two 
sets of samples which are geographically so close to one another. Environmental and 
genetic factors could have influenced the sexuality of Oulastrea crispata even within 
a small geographical region. The length of gametogenesis, spawning cue and gamete 
maturity sizes were shown to be affected by environmental factors that had a 
long-term influence within the lifetime of corals (Harrison and Wallace, 1990). Thus, 
environmental factor would act as a selective force on the physiological processes 
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such as sexuality and reproductive mode (Loya, 1976; Van Moorsel, 1983; Ward, 
1992). In the review by Carlon (1999), it was revealed that there was a strong affinity 
of sexual expression within sub-orders and families. It is therefore interesting to note 
that Oulastrea crispata, a Faviid, exhibits gonochorism (same as Leptastrea 
purpurea, see Chapter 2) while most of the other Faviid species exhibit 
hermaphroditism. 
Within the study period, mature oocytes were found mainly in spring and summer. 
The occurrence of Stage IV oocytes indicated that spawning would follow soon. The 
synchronization of oocyte and spermary development is critical to ensure the success 
of sexual reproduction. While Stage IV spermary was observed in the spring and 
summer of 2002 in synchrony with mature oocyte, it was observed only in May in 
-2001 . The rate of spermary development, especially from Stage III to Stage IV is not 
known. Stage IV spermary might appear only very close to the spawning date such 
that it might be missed in many cases. Peaks of maximum oocyte diameters and the 
presence of stage IV oocytes were observed in May and September, 2001 and 2002, 
followed by the drop in the mean oocyte diameter and the disappearance of Stage IV 
oocytes (Figures 3.5 and 3.6). This strongly indicated that major spawnings must 
have taken place sometime after May and September. This however, did not exclude 
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the possibility that there might be other spawning events within the period. The 
presence of Stage III oocytes and spermary in many cases was not followed by the 
subsequent appearance of their Stage IV counterparts. This could suggest a rapid 
development between the two stages before spawning, such that Stage IV might not 
always be observed. Nevertheless, semiannual spawning is not unique and has been 
observed in several species in the Great Barrier Reef. Stobart et al. (1992) recorded 
Montipora digitata, M. aequituberculata and M. peltiformis to spawn twice a year. 
Corals that spawned in the spring might select for an optimal temperature for larval 
survival and growth (Oliver et al, 1988). For Oulastrea crispata in Tung Ping Chau, 
spawning in late summer, i.e. September, might be advantageous as few scleractinian 
corals are known to spawn during that time. Competition for successful larval 
settlement would have been less intensive. Furthermore, multiple spawning could 
. . reduce the risk of catastrophic incidents that could impose a great adverse impact on 
the annual reproducing species (Stobart el aL, 1992). The reason behind why some 
species could sustain more than one gametogenic cycle per year is not clear. It was 
suggested that the allocation of energy in growth and reproduction among these 




Empty colonies without any gametes were more frequently observed in the fall and 
winter. Within this same period, the male colonies were also fewer. It is possible that 
many of these empty colonies were male. As discussed before, active sexual 
reproductive cycle mainly occurred in spring and summer, so many of the polyps 
remained empty in other times simply because of sexual inactivity. The trend was 
consistent also for female colonies with more empty polyps also found in winter. The 
greater sexual reproductive activity in spring and summer suggests that these seasons 
might provide an optimal environment such as the suitable temperature range 
(24-28°C) and plenty of sunlight for the energetically costly sexual reproduction. 
Additional considerations on the effect of these two parameters on Oulastrea 
crispata reproduction are given in Chapter 4. 
- S a k a i (1998) suggested that both colony size and polyp size were critical in affecting 
sexual maturity in Goniastrea aspera. Peripheral polyps usually carried out 
extratentacular budding; they were sexually immature. These "young" polyps were 
usually smaller in size and did not have the ability to carry out sexual reproduction. 
On the other hand, central polyps (non-peripheral polyps) always exhibited 
intratentacular budding and they were produced by the mature central polyps thus 
they shared the developmental stage of their parent polyps. Furthermore, polyps in 
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different locations would have different roles within the colony. The central 
(non-peripheral) polyps mainly concentrated on sexual reproduction while the 
peripheral polyps contributed to defense and expansion of the area of colonization. 
Results from the present study indicate that polyp size is more important than the 
actual location of the polyp (central vs peripheral) in affecting sexual reproduction. 
Some peripheral polyps are able to develop gametes as well provided they are large 
enough in size. 
The egg to nucleus diameter ratio of Oulastrea crispata was lower than those of 
Favia speciosa and Favites abdita, corals with relatively larger polyps size, but more 
similar to that of Leptastrea purpurea, another coral with small polyps (Chapter 2). 
Larger polyp size might enable the corals to generate and conserve more energy for 
- sexual reproduction and thus allow them to produce larger oocytes with more food 
reserve. Although this might take a longer gametogenic cycle to produce, this would 
ensure better recruitment success for the larvae produced. On the other hand, small 
polyp corals tend to have smaller eggs (e.g. Porites lobata, Glynn et al,, 1994). 
Gametes of Oulastrea crispata were observed to develop asynchronously and exhibit 
multispawning mainly in spring and summer. Using this strategy, Oulastrea crispata 
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spawns at different times of a year can avoid the catastrophic events, such as typhoon, 
that frequently take place in the summer. This could clearly improve its reproductive 
success. Corals that spawn under unfavourable condition such as typhoon should 
have a lower reproductive success. The predicted spawning times of Oulastrea 
crispata are in May and September. Several other coral species, such as Favia 
speciosa, Favites abdita and Goniastrea aspera also spawn in May (Chapter 2). The 
competition on larval settlement is therefore expected to be keen in May. 
Nonetheless, this suggests that the environment in May is probably the most suitable 
for the coral larvae to settle. The additional spawning in September must offer some 
advantage for Oulastrea crispata, competition for space by larval settlement is less 
keen. No spawning event of Oulastrea crispata was actually observed during the 
spawning observation in 2002 and 2003. From indirect evidences and the irregular 
..gametogenic cycles observed in different polyps, it is likely that Oulastrea crispata 
spawns more than twice in a year. It is possible that different polyps within the same 
colony may be playing alternative roles, such that some would be spawning but the 
others would not be doing so within any particular period in a year. The reproductive 
effort of the colony could then be maximized in order to spawn several times in a 
year. This increases the competitiveness of being able to colonize more spaces and 







Table 3.1 Contingency table showing the combined number of female, male or 
empty (i.e. no gamete found) colonies of Oulastrea crispata from AYW 
and AMW in different seasons from Jul 2000 to Jan 2003. Pearson 
Chi-Square, ^ = 50.957, df = 6，p < 0.001. 
Spring Summer Fall Winter Total 
Empty 4 \9 ^ TA 80 
Female \6 ^ ^ H 90 
Male ^ ^ 2 \2 64 
Total ^ 19 55 ^ 234 
# 
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Figure 3.3 Mean (±SD) maximum diameter (^im) of different stages 
of oocytes of Oulastrea crispata samples collected from 
Jul 2000 to Jan 2003 in AYW and from Jul 2000 to Aug 
2001 in AMW. 
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Figure 3.4 Mean (±SD) maximum diameter {\xm) of different stages 
of spermaries of Oulastrea crispata samples collected 
from Jul 2000 to Jan 2003 in AYW and from Jul 2000 to 
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Figure 3.8 The proportion (%) of A) empty, female or male colonies, 
B) female colonies with empty polyps and C) male 
colonies with empty polyps in Oulastrea crispata samples 
collected from Jul 2000 to Aug 2001 in AMW. 
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Figure 3.9 The mean (士SD) egg to nucleus diameter ratio in 
different developmental stages of Oulastrea crispata 
- samples collected from Jul 2000 to Jan 2003 in AYW 
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Plate 3.1 Oulastrea crispata. Four oocyte developmental stages (indicated by an 
arrow): A) Stage I; B) Stage II; C) Stage III and D) Stage IV. Other 
developmental stages are shown also in the same section, suggesting 
asynchronous development of oocyte stages. 
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Plate 3.2 Oulastrea crispata. Four spermary developmental stages (indicated by an 
arrow): Ai &ii) Stage I; Bi & ii) Stage II; Ci & ii) Stage III and Di &ii) 
Stage IV. Ai to Di viewed under 400x. Aii to Dii viewed under 800x. 108 
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Plate 3.3 Oulastrea crispata. Section of a polyp showing the coexistence of 
various stages of oocytes and spermaries. The hermaphroditic colony 
is rarely recorded. Only 1.7% of the colonies were found to be 
hermaphroditic throughout the whole study period from Jul 2000 to 




The effect of physical factors: temperature and irradiance, on the 
reproductive pattern of Oulastrea crispata in A Ye Wan, Tung Ping 
Chau 
4.1 Introduction 
Environmental factors are closely related to reproduction. Stimson (1978) first 
suggested that the depth below sea water surface was critical in determining whether 
a coral was a broadcaster or a brooder. The shallow water region was dominated by 
the brooding species while the broadcasting species dominated the deep region. 
However, in later studies, it was shown that both broadcasting and brooding species 
could coexist in the shallow water (Shlesinger and Loya, 1985; Harrison and Wallace, 
1990). Some geographical factors associated with habitats in different geographical 
regions might provide cue to alternation of the mode of reproduction in the same 
species. For instance, Pocillopora verrucosa exhibited broadcasting mode of 
reproduction in the Red Sea (Shlesinger and Loya, 1985) but was a brooder in 
Enewetak Atoll in the South Pacific (Stimson, 1978). These factors were biological 
or physical. The former involved predation and competition while the most widely 
studied physical factors included light intensity (Lewis, 1974; Crossland, 1987; 
Mundy and Babcock, 1998; Titlyanov et al, 2001) and temperature (Edmunds et al., 
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2001;Nystr6m et a/., 2001). 
In fact, light intensity and temperature did affect not only the reproduction of corals 
but also coral growth and larval settlement. Seasonal variations in sea water 
temperature have a profound influence on the reproduction of scleractinian corals 
(Babcock et al., 1986). Changes in sea water temperature were believed to be the 
controlling mechanism for the onset of gametogenesis. Increasing sea water 
temperature might facilitate gametogenesis as this followed increase in sea water 
temperature (Acosta, 1997). On the other hand, increase in sea water temperature 
(e.g. 32°C) led to coral bleaching (Bruno et al., 2001). The zooxanthellae inside the 
polyps would be expelled under this unsuitable condition, causing mortality to the 
coral. 
Increasing photoperiod could trigger gametogenesis as more light energy was 
available for zooxanthellae to increase photosynthetic rate and thus increasing the 
energy available for gonadal development (Stefano et al.’ 2002). Morphological and 
physiological changes to corals under different light regimes were studied by 
Titlyanov et al (2001). Corals had three responses to low light acclimation. First, 
photosynthetic pigments might accumulate in zooxanthellae. Second, zooxanthellae 
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population densities might increase. Third, the morphology of the corals might 
change. Furthermore, corals might conserve energy budget at low light levels in 
several ways by I) reducing excretion of organic matter (Crossland, 1987); II) 
reducing the rate of zooxanthellar respiration; III) reducing the rate of coral 
respiration; IV) increasing the utilization of half-reduced intermediate products of 
photosynthesis, such as glycerol and amino acids (Titlyanov et al., 2001). The 
mechanism responsible for strong patterns in the vertical zonation of scleractinian 
corals was unclear (Sheppard, 1982). However, some recruitment studies showed 
that the orientation of the substratum resulted in different recruitment success and 
thus, there might be a light-dependent preference in planulae settlement (Rogers et 
ai, 1984; Mundy and Babcock, 1998). Furthermore, Lewis (1974) suggested that 
growth of the juveniles of Favia fragum was stopped in the absence of light. As a 
. r e s u l t , light was one of the most important physical factors which could influence the 
life of coral. 
In Tung Ping Chau, the physical environmental is different between shallow water 
and deep water regions with varying irradiance and temperature. Irradiance was 
measured by a Pulse-Amplitude-Modulation Fluorometer (PAM) at the bottom of the 
shallow water and deep water regions. The means (±SD) of irradiances were 265.57 
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士 21.89|^mol quanta and 116.85 士 5.21fimol quanta at the bottom of 
shallow water (-Im CD) and deep water (-3m CD) respectively. This difference was 
statistically significant (student t-test, df = 18, p < 0.001). High turbidity was partly 
the reason for the rapid drop in irradiance in deeper water environment. On the other 
hand, mean daily temperature measured by a Minilog Temperature Probe (Vemco, 
Halifax, Canada) ranged from 16°C in winter to 30�C in summer in AYW. 
Temperature is more or less the same in both shallow and deep water regions except 
in summer. During summer, a thermocline developed at around 3 m deep, hence the 
deep water region (-4m CD) experienced a 3°C lower temperature than the shallow 
water region (Figure 2.16). 
The significance of light (as irradiance) and temperature in affecting coral 
„ reproduction has never been studied in a marginal environment like the subtropical 
coral community in Hong Kong. In order to evaluate the effects of light and 
temperature on scleractinian coral reproduction, field and laboratory set-ups were 
carried out in AYW, Tung Ping Chau and the Marine Science Laboratory (MSL), the 
Chinese University of Hong Kong respectively. The target species was Oulastrea 
crispata, a pioneer coral species that recruited on rock surfaces in shallow water 
region (described in Chapter 3). This species also recruited on plenty of loose rocks, 
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allowing transplantation of its colonies to be carried out in the manipulative 
experiments. 
The manipulative experiments were carried out with the following hypotheses. If 
light and temperature can affect coral reproduction (measured in terms of gamete size 
or proportion of developmental stages), then shallow water (high light, high 
temperature) Oulastrea crispata colonies transplanted to deeper water (low light, low 
temperature) should have smaller or fewer number of oocytes or spermaries than 
colonies left in shallow water (control). Colonies in shallow water kept under shade 
(low light, high temperature), should have their gamete size smaller than that of the 
control but bigger than those in deep water transplanted colonies. 
4.2 Methods and Materials 
4.2.1 Experimental setups 
The experimental setups were divided into 4 parts including deep water setup, 
shallow water setup, disturbance control setup and laboratory setup. The control of 
this experiment was the monthly samples of Oulastrea crispata collected in shallow 
water in AYW (described in Chapter 3). These setups were used to evaluate the effect 
of physical factors on the sexual reproduction of Oulastrea crispata. 
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The field experimental set-ups were located in both the shallow (-Im CD) and the 
deep water (-4m CD) regions of AYW. In July 2001, 80 colonies of Oulastrea 
crispata were transplanted from the shallow water to the deep water region to expose 
them to a low light and low temperature environment. The deep water region was 
70m away from the shallow water region and was located below the thermocline. 
Only few, relatively small colonies Oulastrea crispata were normally found in deep 
water region, hence a reverse transplantation experiment from deep to shallow water 
could not be carried out. On the other hand, a disturbance control was set up in the 
shallow water. Twenty Oulastrea crispata colonies were transported a 70m distance 
within the shallow water to simulate those transplanted from shallow to deep water, 
in order to evaluate the impact of transplantation on the corals. 
In October 2001, three mesh cages (50cm x 50cm) were set up around other shallow 
water colonies in order to simulate a low light, but ambient temperature condition as 
the controls (Plate 4.1). Seventy Oulastrea crispata colonies were covered by mesh 
cages. This set up intended to evaluate the effect of low light but normal temperature 
condition on the patterns of coral reproduction. The irradiance in deep water region 
was first measured by a Pulse-Amplitude-Modulation Fluorometer (PAM), i.e. 
116.85 士 5.21|imol quanta m'^s"^ When setting the mesh cages, the amount of 
115 
Chapter 4 
irradiance cut off by the mesh was adjusted such that the irradiance under the mesh 
(127.45 士 8.84|amol quanta m \ \ n = 10) would be as close as the level in deep 
water region as possible. As turbidity of the water could affect the light regime in the 
field, additional experiments were set up in the flowing tanks at MSL in order to 
have a better control on the light factor. Oulastrea crispata colonies were 
transplanted from AYW to MSL. Similar mesh cages were set up to cover the 
treatment group of 30 coral colonies, while the control group (30 colonies) was not 
covered. Thus, the effect of low light on coral reproduction could be assessed. 
4.2.2 Samples collection 
Oulastrea crispata colonies were collected seasonally from the deep water, shallow 
water and MSL setups, while on a half-year basis from the disturbance control (for 
lack of enough colonies). Collections started once the setup was set for three months, 
allowing the Oulastrea crispata colonies to acclimatize to the new environment. 
Deep water setup and disturbance control were collected from October 2001 to 
January 2003. In total, six collections from the deep water setup and three collections 
from the disturbance control were made. Collections from shallow water setup were 
made from January 2002 to January 2003 for a total of five collections. All the 
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samples were collected five days before full moon and five Oulastrea crispata 
colonies were collected from each setup in each time. The samples collected were 
fixed in the field by 10% filtered sea water formalin. 
4.2.3 Laboratory work procedure 
The reproductive patterns of Oulastrea crispata from different experimental setups 
were investigated. Samples preparation and histological examination were the same 
as those described in Chapter 2 for Favia speciosa, Favites abdita and Leptastrea 
purpurea and in Chapter 3 for Oulastrea crispata. Basically, three polyps in each 
colony were examined instead of 5 or 6 polyps because the size of colonies was 
smaller than that of the monthly collected Oulastrea crispata. Nevertheless, the 
collected colonies had a diameter larger than 2cm so as to avoid being sexually 
immature (Lam, 2000). The polyps embedded in paraffin wax were serially sectioned 
in longitudinal section for 300|im, each serial section being 7|im thick. The images 
of six largest oocytes or six latest spermary stages were captured by a digital camera 
under the light microscope. The mean maximum diameter, area, perpendicular 
diameter and geometric diameters of the oocyte and spermary were measured as 
described in Chapter 2. Finally, the proportions of different developmental stages i.e. 




4.3.2 Gametogenic cycle in all experimental setups 
All Oulastrea crispata colonies transplanted to MSL for the experiment did not 
survive the three months acclimation period. No additional transplantation was 
attempted as the failure was most likely due to the poor water quality in the tanks 
which could not be immediately remedied. The coral colonies were totally covered 
by algae. 
Corals in the other transplantation experimental setups in AYW, i.e. deep water 
transplant and disturbance control and shallow water colonies under shading (meshes) 
grew without any sign of bleaching or mortality. Nevertheless, one of the cage setups 
in shallow water region suffered from heavy siltation, leading to high mortality of the 
corals during the fourth sampling period (October 2002). 
All Oulastrea crispata colonies examined from the different experimental setups 
were gonochoric broadcaster as no brooding larvae were observed. Only one colony 
showed hermaphroditism (out of 70 colonies in all setups). 
As previously observed, Oulastrea crispata exhibited an asynchronous reproductive 
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pattern (discussed in Chapter 3). No oocyte was observed in both the fall (October 
2001) and winter (January 2002) control samples, but oocytes were present in the 
subsequent four seasons, from spring (April 2002) to winter (January 2003) (Figure 
4.1). In general, the mean (士SD) maximum oocytes diameters ranged from 56.12 士 
32.45^m to 120.75 士 15.67nm in summer (July 2002) to 17.68 土 3.68^im to 42.95 土 
26.83|Lim in winter (January 2003) (Figure 4.1). For the deep water samples, no 
oocytes were found in spring (April 2002). The mean (士SD) maximum diameter of 
oocytes ranged from 21.89 土 4.49|am in winter 2002 (January 2002), and 17.86 士 
3.68|im in winter 2003 (January 2003), 27.08 士 10.19|im in fall (October 2002) to 
120.75 士 15.67|im in summer (July 2002). For shallow water setup, the smallest 
mean (±SD) maximum oocyte diameter was found in winter samples (January 2002) 
at 22.58 土 4.74|Lim and the largest (110.95 士 11.00|im) in spring samples (April 2002). 
. , F o r the disturbance control, the mean (土 SD) maximum diameter ranged from 49.34 
土 2.92nm in fall (October 2002) to 65.20 士 20.15|am in spring (April 2002). 
In contrast, there were fewer samples that contained spermary. Within the control 
setup，spermaries were found only in spring (April 2002) and summer (July 2002) 
samples out of the six seasons examined (Figure 4.2). Likewise, only spring (April 
2002) and fall (October 2002) samples contained spermary in the deep water setup. A 
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more distinct trend may be discernible in shallow water samples, with the mean 
maximum diameter of spermary ranging from 25.37 士 4.78^im in winter (January 
2002) to 95.33 士 16.23|am in spring (April 2002). Largest spermaries (77.97 士 
20.85|im) in spring (April 2002) were also recorded in disturbance control samples. 
Based on the few samples of spermary examined, the mean spermary diameters 
among different treatments and control were significantly different (One-way 
ANOVA, F3,296 = 26.5 1 5, p < 0.001). A post hoc Tukey's test indicated that control 
and disturbance control belonged to the same group while deep water and shallow 
water setups belonged to another group. 
Stage I oocyte was usually the most dominant stage in all the control and 
experimental samples, especially in fall and winter (Figure 4.3). For control samples, 
. ,S t age II oocyte was dominant in summer (July 2002), it was present throughout the 
year as well. Stage III oocyte was present from spring to fall, but was absent in 
winter (January 2003). No stage IV oocyte was observed. For both the deep water 
and shallow water experimental setups, the general patterns were similar. The 
dominant groups in fall and winter were Stage I and Stage II oocytes and Stage III 
and few Stage IV oocytes were more frequently observed in spring and summer. 
Only Stages I to III oocytes were observed in the disturbance control, similar to that 
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in control. In fall (October 2002), both control and disturbance control showed Stage 
I to Stage III oocytes. However, the deep water and shallow water setups showed 
only mainly Stage I and few Stage II oocytes within the same period. 
Spermaries were observed only in spring (April) and summer (July 2002) in the 
control (Figure 4.4). However, in both seasons, all four stages of spermary were 
observed and the proportion of different spermary stages was comparable. Stage I 
(>60%) was the majority followed by Stages IV，II and III. Stage I spermary was also 
the most dominant in all the other experimental setups in all seasons except in the fall 
(October 2002), deep water sample (Figure 4.4). In the spring (April 2002) samples 
from all four setups, there were less Stage I spermaries in both the deep and shallow 
water samples when compared with the control and disturbance control. Stages III 
„ and IV spermaries were found in the control and deep water setups but only Stage II 
spermary was found in the shallow water setup and Stages II and III in the 
disturbance control. 
The proportion of female, male, and empty colonies among different experimental 
setups was similar to that of the control (Figures 4.5, 4.6 and 4.7). In the deep water 
and shallow water setups, more empty and fewer male colonies were found in fall 
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and winter. However, more colonies showed the presence of spermary in spring 
(April 2002) and this pattern was similar to that of the control. In disturbance control, 
the situation was slightly different from the deep water and shallow water setups. 
There was only one male colony observed in each sampling with high proportion of 
empty colonies observed in the fall 2001 and 2002. 
4.4 Discussion 
The effects of physical factors, i.e. irradiance and temperature on reproduction were 
difficult to assess in the asynchronous reproductive patterns of Oulastrea crispata. 
Under the different experiment setups, the hypothesis to be tested was that 
unfavourable physical conditions such as low light (shallow water setup) and both 
low light and temperature (deep water setup) would depress the sexual reproduction. 
However, the results did not show any significant suppression effect on sexual 
reproduction in terms of reduction in the size or developmental stages of the gametes. 
All colonies among the different setups exhibited sexual reproduction. In addition, 
mature gametes in both female and male polyps / colonies were recorded. These 
indicated that the manipulated experimental environments did not affect the initiation 
and maturation of gametogenesis in Oulastrea crispata. Furthermore, the proportions 
of empty, female and male colonies in the experimental setups were also similar to 
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those found in the control. 
Among the experimental setups in this study, small variation in the gamete size was 
recorded when compared with those of the control. This is likely to be due to the 
variations within Oulastrea crispata colonies and may have nothing to do with 
differences in the physical factors. 
Lower light intensity was observed to cause split spawning within colonies of 
Acroporidae and Faviidae as the maturation of oocytes was delayed and varied under 
this circumstance (Harrison et al., 1984; Babcock et al., 1986; Shimoike et al, 1992). 
Shimoike et ai (1992) found that Acropora nasuta and Acropora nobilis showed 
split spawning when these two species were shaded by another table shape coral 
,Acropora hyacinthus. The delay (splitting) of spawning was directly related to the 
degree of shading. Detailed investigation indicated that unshaded region spawned 
one day earlier than the edge part of the shaded region, and central part of the shaded 
region did not spawn. From the field observation, there was difference in the mean 
volume of oocytes between the shaded and unshaded regions but no significant 
difference in mean polyp fecundity. Under a low light regime, the polyps could not 
have enough energy for growth or reproduction. Thus, the adverse effect would act 
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on oogenesis and led to lower growth rate of the oocytes. However, it did not affect 
the initial production of oocyte as there was no significant difference in fecundity. 
Applying the situation of split spawning, Oulastrea crispata might show a delay 
spawning in both deep water and shallow water setups as the irradiance was low. 
Nevertheless, the results could not show the split spawning as no spawning event 
was observed. 
The range of irradiance used in the present experiment was half the level experienced 
by Oulastrea crispata colonies in shallow water. This did not appear to have any 
effect on their, sexual reproduction. It has been reported that Oulastrea crispata does 
not harbour symbiotic zooxanthellae in their larvae (Nakano and Yamazato, 1992). 
Light, therefore, would not affect its growth and its reproduction if the mature 
colonies also do not have symbiotic zooxanthellae. This, however, remains to be 
verified. It is also possible that Oulastrea crispata does not need high irradiance such 
that the level used in the experiment was still sufficient for its zooxanthellae to carry 
out photosynthesis. 
Sea water temperature has significant effect on coral reproduction. Increasing sea 
water temperature was shown to facilitate gametogenesis (Acosta and Zea, 1997). 
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However, no quantitative work had been done to evaluate the effect of different 
temperatures on sexual reproduction. 
The reproductive patterns of Oulastrea crispata from among different setups did not 
differ from that of the control. This is likely because the range of differences in the 
physical factors imposed in the experimental setups was not large enough to exert 
any effect on sexual reproduction. The greatest difference in temperature between 
shallow water and deep water was in July 2002 when there was a thermocline. The 
temperature recorded in deep water was 26.67°C, and 29.03°C in the shallow water 
region. This "low" temperature was still within the range normally experienced by 
the coral colonies throughout the year as winter temperature could go down to as low 
as 14°C. Oulastrea crispata is known to have a wide geographical distribution. Its 
northern limit of distribution is the shores of the Noto Peninsula, Japan, where the 
winter water temperature is usually between 7 to 10°C and air temperatures are 
several degrees below freezing for about 20 days (Yajima et al., 1986). It is also 
found in truly Tropical region where the water temperature could be as high as 35°C. 
A manipulated experimental to test the effect of temperature on reproduction may 
have to be carried out across geographical regions or in the laboratories where 
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Plate 4.1 Mesh cage used to reduce the irradiance in the 
shallow water setup in order to simulate the low 




Summary and Perspectives 
The reproductive patterns of three scleractinian corals belonging to family Faviidae, 
including Favia speciosa, Favites abdita and Leptastrea purpurea were studied 
based on samples collected in A Ye Wan, Tung Ping Chau from May 1998 to June 
1999. Another species, Oulastrea crispata, also of Family Faviidae, was examined 
from July 2000 to January 2003 in A Ye Wan and from July 2000 to August 2001 in 
A Ma Wan. 
Favici speciosa and Favites abdita are hermaphroditic broadcasters, while Leptastrea 
purpurea and Oulastrea crispata are gonochoric broadcasters. The former two 
species have larger polyps sizes and developed larger oocytes than the latter two 
species. It is suggested that larger polyps can preserve more energy for oocyte 
development and a larger capacity for the larger oocytes to grow. Asynchronous 
oogenesis was observed in the two small polyp species but not in the larger polyp 
species. 




speciosa and Favites abdita started in November and October respectively and 
matured in May. Spermatogenesis was very short and lasted only for two months 
from April to May. Both species most likely spawned between May and June. The 
gametogenic cycle of Leptastrea purpurea was shorter (four months) than that of 
Favia speciosa and Favites abdita. Its predicted spawning time was between June 
and July as no oocyte was found in July. Some colonies could have spawned earlier 
in May. Oocytes of Leptastrea purpurea did not all develop at the same time, but 
they reached their maturity synchronously before spawning. Of the four species, 
Oulastrea crispata exhibited the most different pattern of gametogenesis. Immature 
oocytes most likely developed throughout the year, while the mature oocytes mainly 
appeared in spring and summer. Gametes developed asynchronously. The spawning 
times were predicted in May and September as these two months showed peaks in 
the oocyte diameter, to be followed by a drop in their size in the subsequent month. It 
could probably spawn more than twice in a year as evidenced by its continuous 
recruitment on rocky substrata throughout the year. 
The reproductive strategy of Oulastrea crispata makes it an effective pioneer species. 
Since it could spawn several times more than the other species, its competitiveness 




Besides, catastrophic events would have a lesser impact on those species exhibiting 
multispawnings than on those with annual spawning. Multispawnings species could 
spawn again in the next spawning time, if they survive the catastrophic event. 
The success of sexual reproduction and larval recruitment of a particular coral 
species could be indirectly reflected by its dominance in the coral community. 
Oulastrea crispata spawns several times in a year, making it a good pioneering 
species. However, it is not a dominant species in any coral community. Coral 
communities in AYW and AMW are dominated by Favia speciosa, Favites abdita 
and Leptastrea purpurea, all annual spawners. Post-spawning larval survival, 
recruitment, growth and competitive ability all play some roles in the establishment 
of coral dominance. But ultimately, the kind of eggs produced, whether it is large and 
loaded with food resources or not, will be critical to the survival of the larvae, and 
hence the recruitment. Those dominant species that exhibit an annual spawning 
pattern produce larger and more oocytes in one shot as compare with species like 
Oulastrea crispata that spawns several times in a year but produces smaller and less 
oocytes in each spawning. The former would have provided a good head start for 
their larvae, and a better long term reproductive success than the multispawning 
species as their larvae could be more successfiil in establishing themselves as recruits. 
1 3 6 
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Larvae of the multispawning species could only colonize more marginal areas or 
during “off seasons" when the larvae of these other dominant species are not 
available. 
The experiment on the effect of physical factors on reproduction of Oulastrea 
crispata did not produce the expected results. The range of physical factors 
employed was likely to be too narrow, such that it is within the range of change 
normally experienced by the corals. Furthermore, Oulastrea crispata develops its 
eggs asynchronously so that any change in oogenesis could be difficult to detect. To 
evaluate the effect of physical factors on coral reproduction, larger range of change 
in these factors would have to be used. Also, species that exhibit synchronous 
gametogenesis may be a better candidate for this type of transplant experiment as 
well. Other physical factors such as tide and salinity may also be evaluated. They 
could also be critical in affecting coral growth or reproduction. 
An extensive and prolonged spawning observation should be carried out as different 
colonies of the same coral species may vary in their spawning time (i.e. split 
spawning). Recruitment studies should also be carried out to monitor the survival of 




Kong. It will be useful to compare the reproductive activities, patterns and the 
recruitment rate of Hong Kong species with those from more tropical regions or from 
other marginal environments. The answer to why extensive coral reefs are found in 
other geographical regions, while Hong Kong can only sustain patches of coral 
communities with quite unique species composition may partly lay in the ability of 
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